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THEORBITING ASTRONOhMCAL OBSERVATORY

AND THE ORBITING SOLAR OBSEfWATORY

by

Nancy G. Roman

National Aeronouffcs and Space Administration

The Oru;ting Astronoenicaland the Orbiting SolarObservat_r'_ are desTgnedto

pe:mit astronomersto observethe sun, planets, sto_, an_ galaxies fromouts;dethe dis-

turbing influe_c_ of the earth's atrno6pber_, To unders_ld wky suchobservationsare

important, let _s ,-eviewthe _Jys in which the atmospherehindersour ol_servatlom.

The first slide gives a schemal'icmap of the tr_mi,ion of the atmosphere. Yo_

notice the large and clear radio windowwhich hasbeer_so ;mportar_tto c_tronomy!n

lhe past two decades, and the muchsmallerand _e,_sclear window throughwhich the

wave lengthsto which our eym ere s_ls;tive a_e_ranem;t_edand in which all o_er_Q-

t!ons of astronomicalbodieshave beenmc_Jeuntil _c_tiy. As yousee, muchof the

atmosphere;s completely opaque, but this doesnot mean that astronomicalobjects are

not interesting to _t_,_yin these regionsof th_ atmosphere. Not only am someobjects

brighte_,in the ultraviolet or the _nfraredregionsof the spectrum, but even thoseobjecl's

which can be studiedin the normal visual or photographicregion presenta cher,ged

appearancewhe_ observedin oth_ wave length _egions. _

,_,'# _-
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Theseconds|_deshowsthre_ photographsof the sur.Za:eof the sun. The first i_

a so-called "White light" picture which showsthe sunas one wouldse_ it if he proiected

its ima_jeen a moderatelyactive d_:lyon a piece of whi!a cardboardo Thenex_picture is

' taken in the light of the hydrogen-a_pha!ine in the red region of the spectrum. The

third picture is taken in the Xightof the resonancellne of ionized calcium ,:nthe violet

regic_nof the spectrum. As you cGr,s=e, tke sunof each of _hesepictur_ presentsa

stdkingi/different appearance. Actually, in going fromthe first picture to the third, _.

you are observingthe sunat increasingly higher levels in the atmosphere. By going _.

into the ult_av_,_leti: is possibleto study the sunat _till higher levels and, thus, to

build up a three dlmemiena! picture of the sunand partlcuiarly o_'solar acffvity.

The third slide ill-=*rates another reasonfor abs_rvlng the sun from beyond the

earth's atmosphere. This picture of a _ur,spot wastaken with the StrcCosco.._i tele_

scope "_twelve-lnch telescope carried above mostof the d!si_urblngeffectsof the

atmosphere. You can s_.ethe enortno..u__.:_n'_ ._ :_.._ai_,not only in the sunspot;,_o_r

but also in the mc,ttled backgro_nd. Only on_'eor _w;c_ _.i_,_:ett_esun has been ob-

served phuto_ra_0hicallyha_deta_.l_s c_e_ras this ever beer"obtain=_' _ro_nthe surface

of the ground. [he use of k,_[:oor.sand sateffff_.-swill make it po_ibl-" t_:obtain such

detail on a routine basis

, Th__four_'hslide _llust_,s the third dEhsrblng i'nf|b,er_c¢of ::,'_ ,_,_._osphereoThis

is a pi_tu,e of the sun token d_:r_r,cja solar eclipse at a time .' f_._ ' __ moonh_desmost

of the suna_ allo,_s usto studythe cc;ro_ or outer _r_os_:_.-_-_, _i the sun. At othe_

' timesthe b4ght light from the portionof the sun wh|ch tl_ mo_._,now covers is so

i
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scattered by the atmosph_rof the earth that it is impossible ro observe this o,Jter atmos-

phere. In the Orbiting So_arObsertatory to be launched, later this year we are flying

a coronograph--an instrumentspecially d_._gnedfo produce an artlfic+oi e,_Iipseof the

sun. A disk blocks the light trom the body of the sun ius_as the moon biocks the light

of the earth and permits us to explore, on a day-to-day basis, th:_outer _osph¢-e of

the sunwhich haspreviously been observable only during solar eclipses. This expe:-iment

is being prepared by the Naval ResearchLaboratory.

So much for why we wish to study the sun. The next question is how do we go about
G

it. To do this we have designedthe Orbiting _,olar Observatory. This satellite consists

o,_three major portions: a wheel which rotales at the rate of thirty revoivHcns per minulg

n ,+

to provide a gyroscopicstabilization to the.satelltte- a +a_lwhich _sdriven against the

wheel sothat it is always pointed at the sun; andtwo instrumentcompartments,each

eight by four by thi_y-two inchesin size, which are rotated wffh the sail and can be

movedin elevat;-_na short distance to point to the sunwith _n accuracy of approximatel/

two minutesof arc. The axis of rotation of the satellite is maintained perpendicularto

*he sun by meansof gas jets an,,:ithus it is possible for the solarcell from the sali o[ways• !

to see the sunwith nearly.-xi_.,_m efficiency. The wheel _f the satellite containsadd-

itlonal experimentssc that, in oil, opproxlm_tely 150poundsof experimentscan be

carried on th;: 4S0 pound spacecraft.

Slides six and seven show the spacecruff under constructlon. _nthe first of these

the amnsholding the gas bottles are folded down as they are during launch _ that they
,+

fit, ,'oul_dthe top "+ the third stag,e of the Del_a launch vehicle andwithin the Delta

i
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shroud. The_xt slide showstl_ spacecroft hornthe top _ie undercomtmct;_n, in

;t you canse_ the conlkruct,)n not only of the solarsa|l b_t also of the ;r_trumentsection

in the whe_l.

, After the ++a+eIlitei; '_c,_d it go_stt_u_+h the .sequ_ce illustrat_ in slldr, eight.
+,

l_:e rocket'sth|_i stage is _punfor st_bilizofion andthus, when the shroudand the Ixx_,ter

: ++me|ec+ed, the O_ting SOI_ C_servato_ itself is also spinning. Thearmscontaining

_ the nitrogen botti_ Qm th_ extended, slowingths spin rote appmciobiy randgQsjets are

usedto slow the spin rate d<;wnto 30 qxn. Solarsemo_ onctgasjels are then used to

point .theaxis of rok_tlon of Ike satellite to u direction peqpem"culorto the _unand .'he.+

• + solar rnll and imtnmm_t -_Jcflonto the sun itself. Theokse<vatoryis then mmdyto opmrate.
+.

_, An irm_cation of _e occmacy with which the pointing ++osmointoinodon the first of the

;++ Orbiting Solar Observatoriesis Illustrated in slide nine.
l

,

+_ The first of the Or6;ting SOI_ ,_.,_w_, contolned a numberof instruments.
41

_ , Of Ixlrtlcula; interestare the msult_obtainedwith on x-ray spectmmeter--xx_ of the
++

_!,. in_tn._neni_|n _e pointed section and the mostsophl_'ic_qKlof the instrumentscarried

_: blf tt,,et_lilte. Thlsx-ray spectrometerwasbuilt by the Solar Physic_Bmmc_of t_

'_++ GoddardSpaceFIl_;:hlC,enter. The entrance slit _ilows tt_ light fromthe stmto fall
-

_ on (;Grazing i_cldence grofingwhich formsa s_l image alongthe Rowlandcircle.

. _, Also cmthe Row|:mdcircle on exit silt allows the light froma narrow spectral region

,+,_ t_ fall on on ope_ wlnciowld_Oto_ltipl;er. _y meansof a chain drive, the exit slit

.+, " andphoto_ell togetheram movedba_k and _t_ along the Rowlandcircle to scanthe

,+," _+

, ,, spec:rvm. Wlth this Inst_t, It waspo_ible to study the solar _t_ectrum,in a n,m_oer

| '! _"
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of wave ler_hs, the behavior of two of which is illustrated ;n slide eteven, togeth_ with

the be' _viorof somemornof the morecommonindices of solak"acffvity. Theseam the

Zur;ch sunspotr,Jmbo_, the area of th_ calcl_ ploge ._glom; that is, the regionsthat

werebright in the light of the ionized calcium line, and the emiss;onof tl,_ sunin the

high frequencyrc_io mg;cm. Asyousee, the |into c_fthe highly _,_nizeciim_ follow

the behavior of the morncofnmonsoiar activity indices qul_-*xell. N_ice, however,

that the brightnessof the r_glonsin the iron 25 line holdsup Fromcycle to cycle while

the calciumplage area decreases. A similar effect is dressed at the birth of suchact!vl

reglom. In the early stclgesthey are l_ig_er ;. the ca|c;um li,le than they are in the

iron line relative to their st_mglh later in the,cycle. Thusit appean h_=thigher in

t_ atnmsphere,v/f',_rethe iron lines am _mlted, the inlrm=ity of the a(_l_v;'lysr_ewk.'_

Iota behiv_;that farther in.

Other lntermflng resultswere also obt_ined by GSFC by meansof an x-m/ion \

chamber. In slide twelve we see Illustrationsof the intensify observedwith these__. _

It is to be _ted that during solaractivity not only is the total intemity of the x-ray

mission higher but there (_remarkedchangesin this ;ntwmity during vtm/short Intervals

of time. Arlo_r interesting observatlonin lfrmx-roy reg[o_ is thensmQA'lmicm-flores [
!

seemedto occur in serieswith tncremingor decrec_Ingstme_ and wi_ a predictal)|e

relation betweenboth the intqmsityandthe time log of _,ch succeedingflare. If th!s

holdsup during further infarmmion, it wilt be the first time that we have beensuccms-

_ully able to predict any facet _f flare activity.

We will c_ntinue to usetl_ Orbitlng Solar Observat'orytype of satellffes for some--

time for a numberof obie_vatlom of the sunrmclrel_teciactivity. Howev,wr,It is not

i
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• the ideal solar observatory. Fo_"that we would like to have a s_acecroft which "

:an car,>,a_ _mtrumontwith ¢s_uch k.,ngeroptlcol path. Suchir_tr_mentsare
t

neededfor high resolutionspectrographsendhigh resolution images. To rnQkeuse

' of the imaging pesslbilifies we should I-_¢e=_._._ • po_'_ir_ andthe ability to "

scanboth the e,_tlre sunund small areasof the sun. Further, we sho_,idFv_,ethe
.a
,%

storageccq0acityto storethe informationobtained fromthe high resolutionimages

_ Fromthe scare. Finally, we would llke tu ge_away fromthe presentsltu_tion
?

where almosttwo-thlrds of the scientific payload is located in the wheel andsees

the sunonly briefly once every two,seconds.

Slide 14 illustrates the nc_! of higher pointing accuracy. Althoughthe picture

of the sunisschematic, the size of the _tures is approximatelycorrect. The larger

squareillustratesthe pointing accuracyof the presentOrbiting So;orObservatory.

The small sq.jarerepresentsthe pointing accuracy of an improvedversionfor which
II

we are now undertakingdesignstudies. Pr ""_:r_ry thoughtson suchan imtrum,_t

are iltustrat_ in slide 15. The spocec_a_wil_ be approximately 8 to 10 feet longand
q

w!ll contain imtrume_r_up to about 13,.'nchesin diameter. Theseimtrumentscan be

• pointed anywhere:vlthin l0 solarrodll oncJscaneither the entire _iar imageor a small

region on the surfac=of the sunor in the solar corona. Desicmstudiesfor this satellite

, am prmently being conductedby RepubffcAviation. We hopeto hovethe Advanced

Orbiting SolarObiervatory |n orbit in time to study the next solarmaximum.

Somuch for the sun, our _ for studying, end the spacecraftwhich we intend

' to usefor this purpme.

i
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We ore also interested in st_ylng the starsandother celeshal ob]6cts from ',

beyond the disturbingatrn_sphereof the earth. Slide 16;llust_rtesthe Or;on nebu!,,,

with which ! ornsure you are all famiiiar. In this regionwe see several of the reas_s

_orstudying the universein other wave lengths. Thedam area is due to ;he absor_'__.

by hltersteliar _'_t which becomesincreasingly transparentas we moveto the red aPd

inf_r_l _egionof the spectrum. The bright region is emissionnebulaeffy, excised by

the light of the very hot starsin th_s_g;on. Not onty shouldthi; emissionitself be

moreeas;iy studied in lines in _e presently inaccessiblereglc_ of the spectrum, but

the hot starsillurni.atlng it have mostof their christian _e,gy in this spectrumregion.

Thus,to unde_tand the prc_essmin the nebula itself, w_ mustextralx;late fromthe

relatively faint red toil of the stellar energydlst:ibution t_ predict the energy exciting

the nelxJlmffy. Preliminary resultsfromour ecrly rocket flights _ndi_'e that the extra-

polalions we havemade in the pastore in error. ;_xtensiveobsm_otiomfrombothrockets " .

and sc,telllteswill be neededto learn the true nature of t!Jisenergy distribution. Finally,

in this region of space, there are apparentlystarswhich are torming, probably_ll_m._he

interstellar dust. Thesestars=houldbevery _edobjects early in their |.:,tel'ruesrmclthus

mostreadily visible in the presentlyinaccessibleinfrared region of the spectrum.

Slide 17_ows the Crab Nebula. You see heresl_,'p red filc,mentsin a general

green E,ackgrounaglow. l_e red is the emlss!,_ of highly ionized farmso; well-known

atorm. Thegreen light is highly polarlzed andhas beenattributed to the _ynchroton

,adiation fromhigh velocity electm_ .,_ving in a ma_lneticfield. Thisobject is ex-

ceedingly b:ight in a _1;o regionalso and it hasbeen pmpmedthat it is the source of

E

4

i
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cosmicrays, _nwhich case it shouldbe bright in the gammaray rcglon; the _)_chroton " :

radiation may well be bH_ht in the x-ray region. Again, observationsfromthe surface

. of the ec_,th_re impossibleariaare prese_.tlysadly la_king. '

, Another in_;esting PossibilL_/in the s.h__lyof astsonomicalobjects fra_ beyond

_ the at_._t3here is illustrated in slide 18, which showsthe well-known red shift of

galaxies. Thespectrumof the distant galaxies is shifted to the red By incroas!_gly

_ greater _4nountsat greater distances. Thus, the region of the nearby galaxies which

we con studyeasii,,,is in the spectraof the mostdistant galaxim and is shifted to the

red where phc_ogrc_hicplat_ _ otherdetectorsare insensitive. Conversely, that

_ portionof the spectraof the distant galaxies which can be observedeasily is in the

inaccessible ultnc,v.'-oletin the nearby galaxies. Observationsfromsatellite telescopes

-i will pemlit us for the first time to comparenearby enddlstant galckx|mand thusto deter-
It.

alne whether the unlvers_ asa who_ ._ aged since Its creation.

To ar_ver quesffor_suchari thosei hove raised we havedesignedan Orbiting

Aslrrjnomical Observatory, as shownhem in slide 19. As the name ir._lles, th_sspace-

" craft hcmbeen designedto make a large v_rlety of astronomicalol'_e_ations and to carry

; a variety of astrom_ical imtrumen,'sin dlffe.*entv_iom of the samebasicstructure. _

Ex_riments for three of thes_have already beenselected. The f_rst_,eii:_e will carry

• :_ two major experiments--four 12" telescof,es to map the sky Jnthe ultraviolet. Thesecond
: ._

Orbith_ AstronomicalObservatorywill h_ve a 36" m_rrorfeeding light into a spectro-

graphfor mcd,_ratedispersionsteadies_ .tars and nebul,_e. Thethird spacecraftwill also

, _ contain a telescope ar_ spectrographfor ultraviolet stu_im. However, the mirrorwill

'

i
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be or,J),32" ;n dla,neter and much higher dispersionw|;! be usedto i_ermitthe study

Gfthe narrow,,weak ;nter_teiJarabsorpt|onI_nes.

Slide 20 showsthe constructionof the spac_cr=ft. An inner tube 40" in diameter

containsthe bas|c optical s)r.:tem. Aroundthe o_;;ide of this tube which _.swell-

insulatedfrom the remainder of the spacecraft, Zs:1serTesoFbaysholding the space-

craft equipmentand thoseportionsof the scientific equipmentwhich do not need to be

in the opt|cal sectionof the spacec._ft. Hect produced5y electronicswil_ be r_,'_ed

to s_ace throughthe outer shell of the spacecraft which is not illustrated on th_sslide.

A_r the telescope is in orbit, it will determ|ne;_ direction by meansuf six

star trackerswhich can track any star 5righter than secondmagnituae. _ these
#

start,ackers co_.pick up the starson which they point, however, the spacecraftmust

go througha seriesof maneuverswhich are illustrc_edon slide 21. Im,nediately afro.-

launch, the solarpaddleswill be extende_/, kate gyroswil! commandgasi),%to obtain

the preliminary stabilization of the satellite. It wil_ be permi_e_tto.roll u_t;! _hesolar

sensorpicksup the sun. Then gr_sjets _;{I be usedto point ._,e_olarsensorsto the sun

and to roll the o_ervatery around tile satellite sun !_ne. Inclde,tally, the sli_le is in-.

correct; sun_jht will net be permittedto enter the main tube o_ the observatory&r._ing

thismaneuver. On the contrary_!F this happem, it me/well permanentlydamagethe

dellcata and semltive ecp_.;pmentdesignedfor nighttime opera_ion. Theobservatory

will roseatearoun,_the earth'ssu, |ine until the star trackerswhich hu_e been presetto

specific angl_spick three starson wh|¢h they can track. The observatorywill then be

entirely oriented: Whenwe wishto go to u new object, the startrackers will be told

i
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to moveto new gil_bal armies. The command_will i:e given to the coarse;_ertia

• wheel to movethe sate:lite sothat the star trackers pick up tracking _tarsin these

new poslti_.a.s. Thestar trackersthemselve_actuate the fine inertia wheelswhich

provide pointing to e_boutone minuteof arc. If still moreacc_rate pointing is

necessary, an error signal will be obtained Fromthe prlmary experiment. Equipment

is being designedto provide tracking up to a tenth of a secondo_ace.urocy.

As I have implied, pointing of the telescopewill be undergroundcommand.

Thea_tmnomerwill state the right ascensionand declination of the object or objects

he wishesto study. This informationwill be fed into a computingmachine together

with the curr_nt statusof the observatoryand the machine will tell bothwhether it is

possibleto go to this right ascensionand declination withou._comingtoo close to the

sunor making any other illegal maneuversand, if so, will tell the sate{iite operator

: the commandswhich shouldbe glvcn to the satellite to sendit to the new posfflon.
! •

All of this pr_grammlngwill be done through the tracking station which NASA is

ere_:tlng in Rosma:_,North Carolin,_. The comp,ter ,_ndprimary control stationwill

, be at the GSFC. At the other tracking stations, Quito and Santic_lo, it will be possible

to receive in_ormatlonfrom.the satellite, both fromstoreddata and from the real-time

• system. It will not, however, be possibleto programthe satellite _her than for

diagnosticoperations. It is po_sibleto store commandsin the satellite to tell it to

go to a new positionand/or performnew operationsat any minute duringthe or_|t,

whether or not it is in sightof a groundstation at that time.

!
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The next let of slldm illustrates the imtrumentui layout of the first three satellite.

In s!..'de22 we see the four v|d_con camerasof the Sm;thsonianto be usedto map the sky

betwee_nkyman--alphaand3000 A, and the mirrorsfor the photometersto be usedby the

University of Wisconsin. A 16" mirror is usedfor nebulae with a wider acceptance angle,

because, in general, the nebulae will be _ainterthanstars, in addition to the five neb-

ular cameras, there aj_ two objective rjrating spectrometersto obtain low resolution

objective grating spectraof the brighter starswhich the satellite scans. Slightly more

detail of the Smithsoniancamera is given in slide 23.

Slide 24 showsthe layout of the GSFC experlmen_on the secr'.ndOrbiting Astro-

nomical Observatory. By tilting the grating, the spectrumof the star is scannedacra_
I

six photocells. The rote of the scanandthe size of the entranceslit can bothbe altered

to provide resolutiom ranging from2 A to 64 A.

It is hopedwith this instrumentto be able to reach starsas faint as Ilth magnitude. ]

Thethird instrumentis illustrated in silde 25. In this case, the photocell will be

movedalong the Rowlandcircle +_ provide the spectral scan. A secondphotocell will

beu_edto monitor the total light comingthroughthe silt and allow for any ;naccuracim

in guidance. Two detectorscan be usedto provide different resolutionsin the spectra.

It will be possiblenot only to scan the entire spectrumbut alsoto spendthe ob,_ervlng

time scanningindividual linesin detail.

So far experimentsfor only three of the Orbiting AstronomicalObservatories

have beenselected but il is fully expectedthat the serieswill continue. In addffion

to further observationsin the ultraviolet it will be deslra_+teto obserceebiects in the

1965005887-017



infrared; to observethem with high resolution,, and to studythem in the x-ray and

gamma-rayregion of the spectrum. The importan,ceof the I.netero_,qrlatlons nre /.

i|lustrated in slide 26, wher_ we seea 200" ph.'_tographof the radiosouce, Cygnas

A. Evenwith the bestof our te_,restrlaltelescopes, image is blurred. High :e_olutior.
e

photographsobtained cxftsidethe atmc_phereof tl,:° _biect would be very interesting.
/
in c¢ldiHon, wa wouldexpect thisobject to,be a major emitter of bothx-ra_,so_;d "

t gammaray_. Only time will tell whether this is the case.

J
L

/ ,-7:,

,,,,|4.

%? ,
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SOLAR ABT, STELLAR_&DIAT_ON_ A_VETHE EAIrl_S A_HOSirdERE .

bJ

Talbot A. Chubb

U. S_ _aval Research Laboratory.

i)u_ng the past 15 years c)nsiderable new k_owledge has been gained

concerninfl solar avd s=eilar ra_llations striklng the earch's a=_osphere.
@

This new knowledge h_s cma_ _ro_ a seri_ of tocke_ a_d satellite ex-

periments designed co measure ultraviolet and x-r_ cadiations unable

to penetrate :Ye eir ocean in which we live. This paper sumw_rizes some _
i

cf this _ew know].edge and explalns how the measure4 rad£at!on fluxes con-

firm and a_ to our con_eptlon of _he nature of the sun and stars,

The early rocket radiation studies were concerned ouly with the sun.

A photograph of the sun is shown in Figure 1. This photograph was made

in white light. It shc_s us _ dlak image of the only star close enough

to show up .Isanythlug other th_n a dimensiovless point in sgace. Let

us no_ ask ourselves what such a photograph really means. From how deep

below the surface of the s,n does the light we observ_ come? Why does {

the sun appear slightly darker near its edge than at its center?

Thesa questions can be answered £i w_ pause a,_omen_ to consider what

the sun re_lly is. The sun is essent_lly nothing more _han a giant nu_ear

furnace, in whlch the inner fires are protected from the frigid cold of space

1965005887-022
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" by extensive blanketing layers of protectlve gas. P._at energy flo_s _teadily _
¥

upward out of the intensely hot core. It flows throush the blsnketln& gas

l#_ers_ and finally it bursts forth into space, k_en we look at the sun

, " _ur vision penetrates only into high-up levels o[ the insulating gas. The _"

de_#th cf our vision is determined by the _mouut of haziness or _bso_ptlon

that is present in the solar gas. For all practlcal purposes t_ !ook down

into the su_ to the _*. depth that an observer tn the sun would be able to
I

• ee OU_. _.

We can now answer the question as to why the sun looks darker at the solar ;

1/_b. _ae answer Is this: _.e see less deeply into the sun vh_n we lo_k near
&

the llrb, than we do when _ look at the _Isk's center. Consider our i_aglnary

observer inside the _un. An observer in the sun looking at earth _ould have

i"

to posltton hi.self higher ic. the sun's atmosphere if he were near the solar

' _ limb, _ince he would be l¢_,kln_ out horizontally through the solar haze. Since

heat £1ows fro_ a hotter to a _ooler object, and since heat is flowing outward

_h_ough the sun'_ atmosphere, this hi_her layer should be cooler_ and since

' _ cooler objects appear da_er than hot objects, we have a good e.pl_natiou of

solar limb darkening.

, Loo_:tug near the edge Of the solar disk is not the only way of viewing

. the hi&her l_yers of the _ol_r b.l.enket. We have _no_her way of varying o_r

• depth of vision. We clu_:__ook at the sun in colors of li_h_, that are absorbe_

_ m_ch more strongly by the solar gas than visible light. I_ we look at _he

-- sun in nlt_aviolet radiation belo_ 3000 _ ve find that, the sun looks '_ike

a much cooler incandescent ball than it does in the visible. In Figure 2,

\
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we show how the brightness of the ultraviolet sun compares with incandescent

objects o_ various temperatures. Seen in ultraviolet light of 2000 _ wave-

lengLh, the s-Jn looks like _n object _t a temperature of 5000 degrees K.

In contrast the sun seen ID the vlsible appears like an object at roughly

6000 de&rees K. Fluctuations in solar brightne_8 temperature reflect

fluctuations in absorption coefficien_ as one _roceeds to shorter wavelength.

The spectral energy distribution shown in Figure 2 was r_easured from

rockets. Radiation of wavelengths less than 30_0 A cannot penetrate the

o o
earth'_ atmosphere. Betweer. 2000 A and 3000 A ozone in the upper s_ratospheze

0 _-_ •
is o_que to incident radiation; below 2000 A molecular oxygen ire=l._ "-=_

a strong absorber. F.enc o- rocket cr sate!lite vehicles pro_'tde the only means ,i _-_

of obtaining iu_ormstion abc'Jt the sh_ter wavelengths. _ '_

A photographic, spectrum of the _,n at- still shorter wavelengths i,; shown -_i-
-L"

in Figure 3. In this portion of the spectrum, _he solar emla_on curve no -'_=_

longer resembles the continuum character of emission seen in the vislble -.nd _=-_:'*'_

near ultraviolet_ Instead Figure 3 shows us a very peculiar pher_Denon. The . _-

very wavelengths for which solar material is most absorbent and which m_st,

therefore, come from the highest levels, stand out as bribht emissio_ lines.
C

This emission li_e spectrum is characteristic of the topmost levels of the " _

s_n.. The existence of such emission lines means that the _.opmost levels cf :11%

the curt are actually hotter that_ the levels underneath, despite the outward

flow of radiant hea_e_ Such a condition is possible only because the fring-

ing levels aze so transparent to visible light that the enormous outflc_ -._

of liRht energy from deeper layers passes through them without absorption, *i_
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, l_ost of tke bright emission linos shown Ln Figur_ 3 are formed in a

thin layer called the. solar chromosphere, This thin c_lored laye_ can be

seen briefly at the sta:t and end of a total solar ecl:pse. It is a regior

, in which temperature increases with altitude. It is too transparent to be

considered e0 pare of the sui.'s gas insulation. Mc.reov_,.it contributes

only about one part in one hundred thousand parts co the outward flew of

radiant energy from the sun. Actually, howeeer, this small amount of r_dla_t

energy is o_ very considerable importance to us on earth. It is the only

energy capable of ionizing gasef in the eart|"s atmosphere. Combined with

the weak short wavelength portion of the photospheric co_tinuum, it is

responsible for both the heating and chemlc_l changes occurring in the

upper part of the earth's azmosphere. From a scielttiflc point of view this

s_,ort wave energy is important in that it can tell us much abo, t the outer

' layers of the sun. In particular it provides a __ooI _+or studying phenomena

associated with _olar activity, the r_aln ma_Ifestatlons of _ich are co_fLned

to the chromc.=ph_rlc layer described ar,d re _-he sun'_ corona still higher t!p.

o Let us consider so_e of th_ details shown in Figure 3. The strongest

feature in the spectrum is the _yman Alpha line of hydrogen. L)_n Alpha is

the emission produced by _tomi_ hydrogen when £t changes from its lowest

excited state to its ground _tate. _e Lyman Alpha line is greatly over-

exposed in the photograph. It is by far the most It_ense f_ature in the

chromo_pherlc spectrum. The continuum emission near Lymph Alpha is not

phoco_pherlc continuum; instead it is radiation arising in the wings of the

_ Lylmn Alpha llne. The dark bands crossing the spectrum are instrumee.tal _n

e

#

I
i
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ori. in; they are caused by water vapor absorI-tion occurring it;the spec_ro-

_,'aphic instrument. 'fhe continuum present below ?12 _ is the recombination

L)-mau continub_m of atomic hydrogen _,as.
#

By spectrographlc techniques it is possible to photograph the sun in

Lyman Alpha light. Such a photograph is shown in Figure 4. -_e image of

Z;Lesun in Lyman Alpha is very _imiia- L,, _ha _o!ar i_ng_s seen in Calcium

K light as shown in Dr. Roman's paper. The Lyman Alpha photograph shows the

splotchy character of the photospherlc surface. The bright areas aze known

as plages. They are a very sensitive feature of solar acitvity, and show up i

on the sun before sunspot gro_*ps are seen, and persist after spots have dis-

appeared.

Images cf the sola_ disk can also be made in solar emission lines other

than Lymph A)pt_a. l;iguze 5 shows focused images of a slice across the center

of the sun. In each alice ode can see individual plage regions, Slice images

of this type promise to tell us information concerning the excitation character _ .

of the individual emission llnea, Solar emission llres appear to dEffer in

at least two waye, One way in which they differ is in the relative bright- i

_e_s of the resultant solar image ac _he llmb of the qt/n as compared Zo the

brightness at _he center of the disk. For example, two of the images shown

in Figure _ _e distinctly brighter at the ilmb than they are at the center

of the disk, This beha_,,ioris called limb b_i_htenlng. These two li,',e_are

emitted by oxygen atoms that have lost five electrons. St,oh oxyguv ions are

called 0VI ions,

The second wa_ in ,¢hlch solar emla_ion lines differ is in thelr relatlve ;

brightness in _lage regions as compared to their brlghcne_s in othdr parts of

i
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the solar disk. Some lines come almost exci_sively from plages. Figure 6

• shows some faint and in some cases overlapping c!rcul_r _Is_ images of t_e

O

sun which were obtained in the 300 A region of the far ultraviolet. The

O

darkest disk image is that produced by the 304 A llne emission of ionized

, helium. Thi_ image seems fairly .ormsl a_ regards plage-disk bright_e-ss

O

ratio. On each side of the 304 _ .maRe, and partially overlapping it are _,_o

solar images formed in i_ht frc_ FexV and FeXVI ions, 2_ese images are hard

to spot, because ti_y do not show the circular disk pattern of the sun. In-

stead the image consists only of five or six bright patches, corresponding to

the main emitting plages on the sun. Interes_insly these FeRV _,_dFeXVI

"' O

radiations and also _he 304 A hei_._ radiation h_ been monitored from the

: ,f_oO-A Satellite. The iron lines showed a high relative v_riability in coi_*

trast to th6 rather stable helium emission, suggesting t_e expected relationship

that large l_lage to disk brightness ratio implies a s_r_ng t_me variation with
i

_ s_)lar activity conditions.

Solar emission lines have b_n photographed using grating spectrograph

techniques well down into the x-ray portion of the spectrum. Figure 7 sh_ws

, _ a photo_r_c epeccrum which extends at the left down to 44 A. _e brlght

- group of lines at the center are a largely unidentified group o_ lines located

\

, _ at about 170 A. The solar spectrum appears to show a v_,ry lax-Re drop in in-

_e__slty belo_ 170 A. it is _ot _now,n for ccrt_in whether this drop is really a

char,_cCeristlc of t:.hesun, The presence of x-ray lines around 50 A is aleo

_ quite interesting. It indicates that very likely most of th_ sun's s-ray

_J_ emission is It_e emission rather chart continuum.
_

4 l '_" '

_LL

i
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In addition to the ultraviolet photographs of the sun's upper layers, it

has been found possible to obtain solar images using the sun's x-ray emlsslon

as the source of exposure. These photographs have not been of the same quali_

as the u]travlolet in_ges, maln]y beeaus_ the long exposure time required has

cesuited i_ motion of the camera during image build-up. The x_ra7 photo_xaphs

were obtained _ mounting the camera on a rocket-borne solar point_ control.

The _)intlng control has succeeded in keeping the camera accur_ctely pointed

at th_ sun; hob'ever, in accompllshlng this feat it has rotated the camera back

and forth durivg exposure. One of the resultant images is shown in Figure 8.

Itcan be seen that the plage emission regions have been smeared into exposure _ '

arcs. It is _evertheless clear that the bulk of the x-ray emission comes from

the plage areas. The camera_ Incldentally, was actually _ _ia-hole camera. It

d!ffered from a true pin-hole camera only in that the small aperture admitting

\

the desired radiation was covered with a thin film whlch blocked vlsible and

ultraviolet light, but transmitted _ft x-ray radiation. ;

At wavelengths below 25 A, non-photographic techniques become important '.,_,

too]s for _tudylng _be detailed character of the sol_r emission spectrum. One

device that has been effective in defining t_e solar x-ray spectrum is the Bragg

crystal dxffractlon spectrometer. Using this device_ the solar spectrum was

mapped for _he first tlme in the 13-25 A region during the summer of 1963.

Th_ wavelengths of about a dozen Ites were _dentifled. It was also found

possible to learn something about the plage-dlsk character of the x-ray lines. \

As we &_pected, most of the lines came predominantly from the s_gle dominant

plage _n the sun at the time of the experJment. However, surprisingly there

were 41st several line8 which were not so plage dominant; in _artlcular, emission
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llnes appearing to arise from 0VII.

' As we have mentioned, some solar emission lines show a significant in-

tensity variation with time. This variability is in cistinet contrast to

t.he great stability of the sun as an energy source in th,, visible portion

, of the spectr'mm. Toe variability encountered in the solar emission spectrum ;

at snort wavelengths has been studied for over a decade. ,Uhortly af=er the

start of these studies it became apparent that intensity fluctuations were

much more severe in the short wavelength portion of the x-re, spectrum that

at longer wavelengths. Figure 9 shows the approzimate shape of the .solar x-ray

emission spectruz, at _arlous times during _he solar sun spot cycle and during

quiet sun and flare sun activity cunditions. When sun spots become numerods

on the sun, solar x-ray e,_ssion becomes much more intense_ _'_.?aring tho

quiet sun emission at sun spot maximum to sun spot minimum emission we see _hat

the solar cycle variation in x-ray emission i_ of the order of a factor of _iv__ _

:at 50 A, eighty at 15 A and three hundred at 8 A. Superposed on this fluctuation

m

is a large Increase of emission st shorter wavelengths during solar flares,

accompanied with an extension of solar emission to considerably shorter wave-

" lengths than those normally present. %

The contrast between the high va_.iabi]Ity in solar emission at short x-

ray wavelengths as compared with the relatlve constancy of qolar ultraviolet

emission is strikingly shown in a _tudy of flare activity made from the first

successful Solar Radiation qatell_te. A portion of the data obtained by this

satellite is shown in Figure I0. The figure shows the time variation in solar

Lyman emisslon and in 2-8 A solar x-ray emission _uring the development of

i

i
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a small llmb flare. Figure I] is a photographic sequence showing the flare

responslble for the radiation outburst. The top curve _n Figure 8 shows the

re_0nse of the ultraviolet ion chamber within the _atel!ite. This detector
e

_-4icaLed that total solar Lyman _ emi_slon was almost constant during the

deve|opmen& ef the flare, amounting to pos&ibly a 5% intensity increase, in

contrast the second £ucve bhow$ the very large increase that occurre@ in solar

x-ray output during the event, l%e 2-8 A x-ray flux increaseo a factor of five

during the two 1_inute period accompanying the most rapid period of flare grcwth,

'Lnis x-ray bur_t was _<companled by a short-lAved radio fadeout znd other ion-

ospheric disturbances,_ The event giges a clear demonstration of the important a

effects scrmetimes produced in the earth's upper atmosphere b] relatively modest

solar activity.

A s_n_mary of sol&r events for which x-ray increases wece recorded during _%

the SR-I sa_eilite is shown in Figure 12. X-ray increases were record 3 during

twelve important disk flares. In each case for which the x-ray flux below 8 A

•-_ -2 -I
_n<reeded 2 x I0 erg cm sec of energy, the earth was subjected to a coin-

cident ionospheric disturbance resulting in shortwave fadeout. When the x-ray

flux was less, the ionospheric disturbance was either not noticed, or was

significantly less severe. The conclusion that solar x-rays were responsible

for the radio fadeouts is quite clear. The most interesting result demonstrated

by the data, however, is the occurrence of strong x-ray fluxes which did not

arise from major disk flares. Two very low class limb flares had stron_ x-ray

emisslor_ with accompanying shortwave fadeout. In addition strong x-ray emission

accompanied three llmb activity events which were not clad,sod as flare_ at all.

i
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The strlktngiy si_ilarity in character of _he x-ray burst accompanTing the

limb events and those accompanying important di_k flares is strongly suggestive

of the equivalence of the two very different appearing phenomena. This similarity

constitutes the best present evidence that small llmb flare_, bright surges on
%

the limb _nd active prominences are the high altitude portions or effects of

major disk flares.

Although i= has been the custom of t_e NRL group tc describe solar x-ray

t emlssion as a diluted blackbody emission, l_ has always been recognized that

this was merely a very approximate way of descr_biug a complex spectrum, in

reality sol_r x-ray emission at wavelengths longer than I A is believed to be

made up mai_.ly of a series of emission lines. The relative Intensity of these

emission lines reflect the relative abundance of elements in the solar corona

and the distribution of electron temperatures describing the energy spectrum

of coronal electrons. The shortest _'avalength x-ray lines expected in the solar
_.

emission spectrum are the iron line en.issions occurring between 1 and 2 A. All

the chemical elements occurring in the sun thoc have an abundance at all com-

parable to the abundance of iron atoms are very _,ach lighter than iron, and

e_,it x-ray lines only at m,_h longer w-ve%ength. Because iron has the unique

!_ set of characterist_c_ that it is both abundant and hea%_j, iron x-ray emissions

can be expected to play a ma_er role in solar emission from the very hot regions

_ produced during the solar flares. For =hls reason, and also because iron x-rays

£ penetrate deeply enough into the earth's at_suhere to _ause major radio wave

_: absorp_lon, it is especially interesting to look for evidence of such emission

_ during flares.

i
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Evidence for the presence of iron ]ine emission was obtained from

proportional counter oata obtained in 1959. From the distlibution of pu]se%

amplitudes produced by the proportional counters, three crude_x-ray spectra

of tbe sun were obtained between 0.7 and 6 A. Thes_ three spectra were re-

corded during supposedly quiet solar conditions; however, some form of micro.

flare or other solar activity was almost Ctu,Liauodsly _resent d:,ring the su._mer

of 1959, which was during the sun spot maximum period. The results of three

fligbts are shown in Figure 13. One flight showed an 9nergy spectrum dis-

tribution compatible with the concept of dilute blackbody radiation from

!

regions of varying temperature. Two flights, however, showed an emission \

spectrums peaking in x-ray emission in the i.I A region. This _;avelength does

not zorcespond to the known wavelengths of nhe _ron lines. '_owever, it seems

difficult to explain the occurrence of the emission peaking other than by t:le

_ssumption that iron line zadlation was present and that the calibration of /
/

the pulse amplitude _pectrometer was slightly in error_

Prohab!y the most important wa,_elengths _e study in order to determine

the _hysicBl p_ocessec occsrrlng during solar flare_ are the shortest wave-

lengths. These shortest wavelength photons are x-rays in ti_e 20 to lO0 key

medical x-ray region. They can only be produced in the most highly excited

cegions of a solar flare. The total amount of emission from the sun in =he

medical x-ray region is quite _mali, containing much less energy then is present

in the x-ray line spectrum at longer wavelengths. Emission in the i0 to I00

key region is due to electrons being r,cattered in a very hot gas, simllar to

the emission that one ge_ i_ high temperatur_ plas_,_ machines, such as are

being built to produce thermonuclear power.

i
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Figure 14 shows h_w the _un's em_.ssion varied with w_velen_th in th_
L

medical x-ray _eg_ ".during a perticular :'late event. Th,: type.of a carve

shown in Figure 13 is interpretable physically as indicating _:h_t on the svn

the_'e existed for _ short time a region of very hot _as, a _iasma at a tem-

t

perature of about 120 million degrees, Such a reg_o,, was a,_parent!y prod,.-ed

by the (late process. The _hange in slope between the twu cu_-_e._._-_a.'tstb._t

in the sun t,hehot gas cooled during the _ee mlnu'e interval between roczvt

t : measurements. By studying data of _his type it is po,-sible to study the

temperature history of such very "._otflar_.-._roducedregions, and al_o to

determine their source strength (the F.quare of the electron density times

the -s_lume on the sun of the eDitt!ng region) and the manner in which they

grow. From such studies one should be able to learn a great deal about this

most interestin_ phenomenon of sol_r physics.

•.; Let_us now leave the sun and cov_!__e_ radiations observable in the night q

sky. The remainder of t_.is discussion will be concerned with wh_t has been

learned _Tom rocket-borne expcrlments about high eneri_y emission from stars

•nd from the sight airglow.

If you fly a rocket at night and look out into space in the ultraviolet

there is one radiation whic_ dominates your sight. The whole sky glows ir.

' _ a uniform glow of 1216 Angstrom radlstlon. This radiation is the familiar -_

_. Lymph @ l_ne. .If _,_ouare at I_3 kilometers, you see this radiation all _bove

. :_ you; you also see it looking doen with almost half the brightness that you see

looking up. Figvre 15 .s s plot of the Intensi_.les o_ _his Lymsn _ radiatlo_

_- a_ measured in 1957, The data show s slight local minimum in intensity, not

_ery de_p, looking directly away £rom the sun, l_ost of this n#.ght Lymph c_
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glow zs believed to be really sunlight which has been scattered back _o the

dark _Ide of earth by atomic hydrogen in '_he earth's o_m atmosphere. This

scsttere_ sunlight is a real problem in certain as_ronoelcal studies. _ne

intensity of t.his Lym_n r_ gL_,l is five times as great as that of al! the

visible light emitted by the stars. So it is quite an intense glc_wr.

De,piLe the _-_ _o_Q•_ _e.,t..... of th_ night Lyman _ glow we can still carry out

studies on stats in the vacuum ul_raviolet by using simple telescopes in

rockets. The Ly_an _ pr_ble_ is usually avoided by restricting the spectral

band under study to wavelengths which excluJe _he Lyman -_llne. In Flgure i6

is sho,m the bottoe portlo,_ of a rDcket inztri_ntati_ which contains a sec

of 6-.,_ch reflecting re!coccyx6. &t _he focus of each of these 6-1nob re-

f..:eting telescopes is mounted a small v!travlolet detector of high se_itlvity

which h_a a very narrow, spectral response band_ ._he detector is sensltlve on_.y

.j to a very narro_ range of far ultravloZet color. 1_m experi_e;_t iJ carr_r.d _ut

by firing _he rock.t, typlcally from White S_nds, Ne_ Mexico, up above the

atmosphere. The carrier rocket is completely un_ulded; it rolls very s1,_ly

and tumbles or precesses about a'large cone, as a rigid body in space sill do.

As • result of the rocket's roll and tumble the telescopes repeatedly sweep

across tb shy. In a _Ingle flight the). can map almost 2/3's of the accesslb_.e
]

sky with a typical 2.5 degree field of view. The information telling us wh_.

the telescopes see _s sent dc_n by radio and we get telemetry records which shOW-,.

the time response of the detectors throughout the flight,

T_e detectors used in the rocket astronomy program are quite unusual.

Figure 17 shows the sensitivity _urve of one of the detectors. T_e detectors
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- are cal._edgas gain Ion chambers. They are char_cterlzed by small size and

_ very high sensltlvl_y. The reader will note that Figure 16 inalcates a

sep.sitivlryof over f0"I? coulombs per quantum. Now to get some feeling

for _hat that means let us suppose a detector produced within it one free
'_.

_Icctron every, tLme a l_ght quantum h_t the window, If the detect.orwas that

:: 10-19,. se_sit.ive,the ser_itivItn/would be 1.6 x cor,lombs per qu_,_tum. Thus

'_ I0-I?a s_nsitI_ity of 1.6 x coulombs _er q_antum means that chafe are I00

_ :

,: electrons Frod_ced in the detector for _-ve-yquantum which hits the window.

Actually such a SensXtl-,ityis achieved by havln8 a detector which is basically

= i0 per ceu_ eff_cieng, bu_ which has Vi_hin it _n _- Jf getting ampliticatien
k

_. of a factor of 1000. This type of opern_ic_ Is achieved by having wi_/_inthe

detector a gas whl6h is ionized by incident far ultxav_let il_t. The re-

-. st;lting free e,',.ectrons are then accelera2ed toward an anode collector,

, _ Sufficient vol_age is impressed acros_ the detector so that a ]_argegas m

" amplificat.tm, is achieved l,n the rel_ion near the anode.

Figure 18 is a photograph of a portion of the telemetry response recorded

when one of the mirror celescope_ _canned across the Milky Way. The star

£

signals are seen to show up as single pulses whose width is determined by

_- the rocket roll _ate _ud the telescope f_eld of view. Scans of this type

!_ have shown taat the sk_./ i_quite simple in the far ultraviolet, The stars
/

g which you see are much less tn number than when you !c_k w,_thyo_r eyes in the

visible. Also the ultraviolet stars are highly _oncentrated _long the Mliky

r_ Way. The main problem is carrying out thi_ type of rocket astronomy is that

of detez_ining which stars caused each of the recorded star signals, T_e

,

g

'I

- i
I
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solution of this problem is achieved by a detailed an_lysls cf the r-_cket

motion occurring in each flight. The mctiou analysis is made possible by

means of magnetometers an," horizon sensors carried in the rocket. Once such

_n a_m!ysls is co._ple_e, the ultraviolet bright_ss of each star seen can be

determined from the a_np!_tude of the recorded star signals.

The resuics of r'worocket a3tro,_,omy fllght_; of this ty_e are shown in

Flgurcs 19 and 20. These figures show the rela_,,e brightness cf variouJ

stars in the far ultraviolet as compared to their brightness in tl._v1_ibleo

V

As Dr. Nancy Roman of _be National Aeronautics and Space Administration has

pointed out_ the stars which emit in the far ultraviolet are the very, blue "
±

st_rs, w_ich are t_e Z and 0 stars. As we examine bluer a_d bluer scars, we

find as one would expect_ that the far ultravlolet brightness, compared to the

visible brlghtn_ss, increases. -I_

These pioueerin_ rocket astronomy e.xperiments have done a m_dera_,eiy good )

job Jn defining the relative far ultraviolet brightness of bright scars. It is _ "

not so c_-rtaln _l,at they have achieved highi_ zeliab}e absolute energy _asure-

m#.,n_.;_of the ultraviolet s_e!lar fluxes. Neverchel_t's, it is interes_ing _hat [[

_I! of uhe early _.ssu_merits have indicated the_ the abso_ut_ _nergy received '

fr_._ the fl _:tars is c_;_iderably less than e_ellar models would predict. This

discr_acy provides a _eal problem_ The veer hot stars a_e bel_eved to be

simpler than sCarq llk_ the sun, b_cat_e they are so hot that moat of the metals --

and light elements i_ _helr "_c_ospberes _re ionized _nd do not contribute much

¢o lig'._t ab_u_ptton _n their" outar layers. Tl_erefore, it should be possible to -:
i:
,i_

anal_ze th_ out_Jazd flow of e_erby through th.,_|rupper layers i_ a luc-re

t

.

_ %
7 _'_

1965005887-036



• 4

XII -16-

quantitative fashic_n than can be done for cooler stars. Thus we find, if it

conti:?ues _. _-_ confirmed by future work, that we really de have an ultraviolet
4

deficiency, then this poses a series problem for stellar theorl. Study of

these wery hot stars is also of considerable interest in analysis of galacti_
t

energy output _Ince these s_-_ hot st_rs are the dominant energy producers in

the newer portions of ,_he galaxy. _

let us now consider the story of the far ultraviolet nebular glow. The

t
story illust;_tes sc_e of the pitfalls into which it i_ possible to fall in

pioneering studies. Sometimes early exploratory studies lead to preliminary

conclusions which are no_ always confirmed by subsequent investigation. Let

i us row consider one such story and show the evideuce w_eh now makes us thin'_

that the original concluslons of this story were not correct.

rlgure 21 shows a type of instm_mentation t_sed in an ex?loratory study

of the night sky in 1957. This instrumentation approach preceded _he telescope

type of instrumentation illuBtrated in Figure 16. In Figure 21 are show,1 a set

of Geiger counters which ar_ sensitive to ultraviolet llg_.t. Their angles of

view are restricted not by use of telescopes but by looking through a bunch of

collimating nickel tubes. The counter view angles are restricted to about three

degrees. This experi=ent was flown in an Aerobic rocket. As in the telescope

experiments the rocket rolled a_d preeessed throughout the flight. Again the

detectors scanned large portions of the overhead celestial sphere.

Now what we expected when this experiment wa_ flcw_ was the observation

of early type scars like Spica and IJke the bright blue s_ars in Orio_i. This

was not what th_ telemetry response showed however, The telemetry responses

0 showed no localized humps cGrresponding to the angular width e_pected for

i
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point sources_ Lut instead showed rather extended regions which seemed to ..'

be centered on hot stars. The individual star did not seem to be seen. Av

analysis was carried out _ the extende_ regions of glow and maps were pre-

pared. Figure 22 is the brightness map which seemed to be suggested by the

experiment in the star region centered about the star Spica. A far ult_a-

violet brightness map of this particular portion of the _ky should be paz-

ticularly easy _o interpret because Splca is relatively isolated and is the

mly bright early type star in its particular neighborhood. In the: $pi=a

region there is no way in which the sttm of responses of many hot but weaker

stets could be confused with a diffuse glow. This bror diffuse glow became

k_own as the far ultraviol_t Nebular glow.

During the Spring of 1963, the collimated Geiger counte_ e_'perlment wa_ *

repeated in esPentlally the same form as u_ed in the original experiment. The

results of the rer_at experiment are shown in Figure 23. Our sky explorations

with the small telescopes had always shown that the stars radiated at point

s

_urces, but we had never succeeded in obtaining good dat_ with detectors that

had exactly the same spectral _ensitivity band as that _Ised in the original

experlmcnt. In contrast the repeat Gclger counter experlnmnt did cover the

same spec=rsl band, it had the same detector _ the original ex_perlment, it

had the came collimatiog nickel tubes, and t:he detector scanned across the

same star, Spica The portion of the t_leme_ry record shown in Figare 23 is

the r_s?onse _due to the star $plca. _e width of the response is exactly the

width that would be calculated for a point solace on the basis of the geo_r'¢y

of th_ nickel tube collimator, the total width being 5.8 degrees. All of the
#,
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, _ stars seen is th._ repe_t experiment appeared as localized sources. The Lack-

ground counting rst_ ..c=_ Spica is very low and _s the same value that occurs

when the detector looks toward earth. So here we see a clear picture of the

fact tl_t that orlginal experiment did not give the right answer. The dis-t

j- crepancy is embarrassing because we rca[iy do not know what. cause4 the smeared-

out responses in the first experiment. Maybe the answer to _hat puzzle will

never be solved wlCh certainty.

Another rocke- flight which was carried out i,_ Lhe Spring of 1963 contained

_- a telescope experiment which also relates to the que_.ion of far ultraviolet

nebular glow. One argument that has been put forth, by us at NRL 3_ a matter

• of fact, was that possibly the far ultraviolet glow did e>-t._t,but existed only

i._ at a wavelength close to the Lyv_n czllne, and *_hat there might have been s_all

differences in detector sensitivity near t_. Lyman otIJne which might have pe.-

' mitred the glow to be seen in _he first _ _ _,ri_eat bt,i,not in any _ater ex-

periment. This second 1963 experiment _ .as sac' _.hypothesis seem untenable.
o

i_, Figure 24 shows _ pcrtion of the telen_etry'._._-._.,_.c- "'¢'edby one of o_,r

• i telescope-lon chamber photometer combinations durt_.g _ scan direc_iy across

_ the star Splca. This particular telescope photometer combination, however,

_ is sensitive to a i:road band of wavelengths (1050 - 1350 A), including Lymar. if"

_,: Figu-e 24 shows a generally elevated signal response which Is due to the night

_ Lyman c¢glow, the intense diffuse sit.spheric ultravic!et glow which _'ehave

i_, previously described. Superimposed on top of this glow background is a point

• source response caused by the star, Spits. This response rises above the

Lyman c_glow with no evidence of nebul_r emission sur_'ounding the star, Notice

the Lyman • glow is seen even when one looks toward the earth.
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o

Also shown in Fisure 24 are responses from two other teles_.opes !oo_Ing C_
"_,

in the same direction _g the ene sensitive to Lyman of. The upper_u_t re-

sponse was produced by a telescope which was sensit._ve in a region of the

ultraviolet confined to a s_ _ctral band below the LTman orline. Sis band

i_ the shortest ultraviolet wavelength band Jr.which non..solar star emissions

have yet been recorded. The other photometer response curve was produced by

a photometer sensitive at about 1427 Angstroms. In both cases radiation from

the star Splca saturate_ the de_ectors.

The bottom trace in Figure 24 was produced by A_ conventior_l multiplier

tube sensitive to visible light. A comparison between the response of the

visible light dete(tor and the detector sensitive to the ivman AII_a glow

demonstr_tes an _nteresting fact about air glow. Th_ visiSle light detector

sees a strongly peaked response when it. looks tangent to the layer producin_

.- the night air glow. This phenomenon is called horizon brightening, in con.

trast the hi&h= Lyman Alpha glow never shc_s any horizon bri_htenlng_ The

reason for the difference is that the night Lyman Alpha glow is produced by

multiple scattering from an optically thick layer of atomic hydrogen while the

normal air flow is prod,Jced chemically in an atmospne%, transparent to the

produced radlat_on.

In conclusion let us consider one oth_:r somewhat speculative field, \

namely, the new field of x-ray astronomy. _-ray astronomy really had _{t:s

birth in an experi_ent that was carried out by Giacconi, Gursky, Paol!ni and

Rossi in an attempt to look for fluor=.scent x-rays produced on the moon It

was their hope that dlscovel,_ of lunar x-rays would _ventual!y permit analysis

1965005887-040



of the composiEion of the _t_rfac6 of the moon. When the l_nar x-_-ly experiment

was flown an x-ray signal was seen; h_ver, _t turned out that, after £hey had
¢

worked out the details ol the orientation solution of the rocker, it was fouled

that the x-ray source did not correspond to the locat_on of Lht;moon. Since
%

the lunar x-ray detector looked out at the sky with quite a broad field of view,

_t was Impossible to pln-point the position of the x-ray source very pr_.u=_=_3_'.

Nevertheless, the source of x-rays was clearly not the moon. Analysis of the

%
manner in which the x-ray responses disappeared as the rocker descended into the

a_mosphere, suggested the conclasion thgt the x-rays might very possible be

coming from the gala=tlc c_nter.

The possibility that _here exist x-ray sources in the night sky was very

eXCiting. NRL had looked for such po_slble soft x=ray sources previously, but

with clearly inadequate sensitivity. It was, therefore, decided to fly an

experiment with much greater senslt[vity, and also wltb tighter col]imatlon,

in order to confirm =he existence of a 8ala_ti_ source. In the NRL experiment

B

a proportional counter w_s u_ed rather than Gelger counters_ The NIIL detector

consisted of a single large tube with 31 windows and 31 anodes and a common gas

supply. The detector looked out _hrough a collimator which has an angular field

of view of about 10 de,,tees full width _t half rmxtmum. The detector window

was made of 0,005 inch beryllium and provided x-ray sensitivity between about

0.5 and 8 A. Now a pcoportional counter i_ chszscterlzed by productin s pul_es,

the amplitude of which is crudely proportional to the energy ot the incident

x-zay quantum. The pulses produced by the NRL detector were amplified and

_ sorted into three groups of pulse amplltude_ The counting rates of each

e

i!
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amplitude group were indlvidtmlly metered, so as to permit a partial deter-

minatien of the spectral character of any emitting x-ray source d_scovered.

The results of this experiment proved quite Interesting. The existence

of one relatively s_y:,_x_ray source seems to be clearly estab__shed,'_ and

existence of a second weaker source at the Crab Nebula is al_o relatively

certain. _i= strong e_uree is located in the constellation $corpie and is a

point in the sky with celestial coordinates: 16 hours 15 minutes Right As-

cension, -15O Declination. No optical or radio star has been identified with

the x-ray object.

One of the telemetry responses showing the Scorpio x-ray source is shown

in Figure 25. The source skews up clearly above the general background. The

source was scanned about ten times during the flight. Although the d_ta permit

pln-polnting the position of the source center, they do not tell us whether the

source is a polnc source or a diffuse source which is extended over as much as

5 degrees of arc. Altho_Igh the s_e_tral analysis based on pulse a_plitudes

is of relatively poor quality, the source seems to produce mainly soft x-ray

quanta near the 3 A long-wavelength limit of the detector sensiK1vity curve,

rathez than higher e_ergy quanta below 2 A. The source delivers to earth a

-I
1-8 A x-ray flux of the order of 2 x 10-7 erg cm"2 sec ; thus as seen at earth

it i_ about 104 less intense than the sun. Since the thezmml radio brightness

of the sun is much less than 104 t_mes the brightness of the minimum detectsb!e

radio source, it is not entirely surpzlsing that no distinctive radio source

clearly correa_onds with the x-ray star. A)though the location of the s_rong

x-ray source differs by 15 to 20 degrees from the location claimed by Giacconi,

et al., it appeara probable =hat the NP,L experimen= has served to pln-polnt

the prev|ously seen source,

I
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Figure 13: Short wave x-ray spectrum deduced from pronor',i_nal cou;-ter _ulse amDlttude
distribution. During the last _,un_pot maxim,_n in 1959 three racket meaqu,_e-

meats of the shoct warp length end of the sol3r x-ray spectrt_0 were made du_ng

non-flare solar co,_ditlons. "fr,e fozm of the _olar emission spectrtn,_was de-

duced from the dl_ trlbution of pulse amplitudes produced in a gas proportloPal

counter. The spectra ded,:ced from two of the rocket flights sho_# an emission

maximum of an indicated quantt_ energy" of aoc_t II key. It is believed that

the indicated peaking in the x-ray spectrum is due to Fe llne emission at
about 7 kev. Thls explanation of the data assJmes that the proportlo,tal

co_ncer enerBy _cale :alibrations wer,_ in er_c,r. :n alternate exFlanation is

thst the peaking is due t_ iron recombina_Ior, continuum emis_lon In the
: indicated 9-12 key region, lhe differences _n spectrum behavior between

i fllght 8.69 and flights 8.68 and 8.7_ reflects di.£f_rences in solar condltions.

'iI
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QUANTUM ENERGY- KEV

9

Figure 14: High energy x-ray emission observed during • brlghC soZar fZare.
During a brlgh _. C]_ss 2+solar flare x-ray emission was observed

wleh quantum energies as high as 60 kev, The spectral region

20-60 key (0.2 - 0,6 A) is a r_gion vbere sotar llr.a emission

shou!d be neg:Liglble, The observed spectrum is Interpretable

as being Brem_strahlung fr_ a hot plasma produced by the £1are.
The temperature oE the electrons in the plas_ is calculaced Co

to about ]2(_,009,000°K. The steeDeniltg in spectral_ slope durlng

th_ £11ght indicates that cooling o£ the plasma occurred in the
_hree mlnuCe interval beteeen measurements,

i
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Figure 18: Portion of telemet_] re_or_ showi_ telescope-pbuto_ter scan of

Milky _ay. The rocket telescopes are flown wi_h a typical 2 to 3

degree field of view_ As the roll of the reeker causes tFe telescope

view vector to sweep across an early type _lar, signal_ are generated

with tae sensing photometers and are tra-_smltted to gzound. This

flgrre shows star responses recorded d,.rlng a scan acrosN the Centaurus

ano Lupus constellatious in the Southern Milky Way. The height of the

individual star res?onses combined with an identification of the stars

respoDsible for esch observed signal provides the basis for de_ermlning

, fhe far ultr°_tolet emission intensity of bright early (blue) type _tars,

i
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ATMOSPHERN OF VENUS

BY
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: I{ARVARD UNI _SITY

" C_-MBRIDGE, MASSACHUSE_S
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A_"%_OSPHE,REOF VENUS •

Carl Sagan

The content of the talk presented at the Conference on Artificial

Satellites is a_a/lable from the following sources:

Sedan, C., "T_,. Planet Venus," Science 133:8h9 (1961)

Kel!ogg_ W. W., and C. Sagam, "The Atmospheres of Mars and

Venus," National Academy of Sciences-National Research

Council Publication 9hh (1961)
#

Sagan, C., "Structure of the Lower Atmosphere of Venus,"

Icaxas l:lS1 (1962)

Sagan, C.. and W. '_. Kellogg, "The Terrestrial Planets,"

Ann. Rev. Astron, Astroph_s., L. Goldberg, ed., 1:235
_1963)

I! •
Sagan, C., and L. Giver, Mxcrowave Radiative Transfer in

the Atmosphere _r.S Clouds of Venus ," privately circulated

paper (lO61)
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_- BY
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P_qAD F/_A_ CALIFOP_IA
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THE ATMOSR._IE AND S_.FACE FEATU_S OF MARS

by

_yron Splnra_

Jet l_opulsion Laboratory

Although most of the papers presented here deal with results from _'

_atellite-b_sed observations_ o_ hopes f=_ _uch result_s in the future, i e

thi_ review will deal with earth°bound observations of the planet Mars,,

The writer does not pose as an expert on the nature of the little red

planet - only as a skeptical observer. Unfort_nately_ we really do not

understand conditions on Mars well:

To preface this text_ the writer feels willing to specui_e that in

th_ next few years new and provocative information -n the Mart._an atmos-

phere an_ sur£_ce will come mainly £rom the old shopworn techulques of

8round-based astronomy. Eveutually space pzobe experimentation will

re_h the necessary level of sophlsticatinn to allow accurate in.n

measurements of the various planetary par_etzrs of InteEest. But the

=line is now ripe for majo.- advances with G-_Isting equ_ixnent at almost

negliglbl_ cost,I

Much of this paper will follow nlosely the excellent _eview on M&rs

by Seymour L, _lees (I_6,_), ThLs work is reco-_ended to the reader.

/

1965005887-073



[

' XIV -2-

I_:..Th.___eye_w We llTKnow_L Data for Mars

The orbit of Mars lies outside that of the .Earth and thus the times

of closest nDproach occur at full Martian phase - these events are the

Martian oppos_.tions. The _rbit of Mars is _ fairly eccertrlc ellipse,

_o thRt some oppcsitlon occur when the planet is c:ompa_atively nearby

and others at greater distances. Data on the next few oppositions of

Mars are listed it.Table I; unfortunately, the favorable oppositions!

occur when the planet , far south_ the sky. This circLyms_ance makes

for difficult observing - most telescopes bein_ located in the northern

hemisphere.

TABLE I

Future Martian O/_iqsitlon______s

Dat_ Minimum Distance Maxim_ _mgular

_from Earth _ ,_'ameter (secs, of arc)

March 8, 1965 61.7 x 106 14,0

April 13; 1967 56.2 15._

May 29:1969 45,3 19, I

August 6_ 1971 34.6 25.0

October 21, 1973 40 6 21.6

Some of the physical data on Mar_ which we will employ later are

tabulated in Tab]e II - the inclination of the Martian equator to the

eclip£1c is slm£1ar to ours. so th_.t Mars has seasons llke the Earth,

but almost twice as long sinc = the Martian year is scme 687 days.

!
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TALLE I,I

Ph:/sical Data _er Mars

Datum Absolute Units Relative to Earth

M z=_n d!stnn¢_ from 2.28 x 108 km 1.52
the sun

Metal diameter 5739 km 0.53

Length of day 24h 37m 1.001

Length cf year 687 d_y_ 1.88

O

'Surface gra,,ity 377 cm/sec" 0.38

Albedo _ O.15 0._:

Iio The Martian Surface

The telescopic appearance of Mars is beautifulTy illustrated in the

new book by Eo C. Sllpher (1962). The best photographs in the Lowell

. Observatory coll=ctlun, plus others l_ke the color composite front_

piece, show much of the detail visible on the Martian disk. _a most

photographs made in yellow or red light -.or the Kodachromes like Leighton's

magnificient photograph on page 71 of Silpher's book - the Martisn dark

areas, called Maria7 stand out against the brighter orange background.

The most striking features are; of course_, the white polar caps which

expand to lower latitudes in the Martian winter and the_ retreat in Sp_ing.

The cap in the soei:hern hemisphe_enever compiete]y disappears.

The polar caps are certainly thin l_yers of water-ice; _ shall call

6b_m frost-caps. The amplrlcal evidence for the caps being frost is _;wo-

fold. They polari:_e light in the same way that tiny ice crystals do_ and

o •
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• their nea=-infra_ed reflection properties match those of frost (Kuiper -

1952). The reflection spectrum of the F_tlan caFs shc_#s a rapid decrease

from ].5 _ to 2.0 _, as does low temperature ice in the terrestrial l&b-

, orato1_. The reflection spectrum of solid CO 2 is ...... Ai_o_o-t - and

the formation of "dry ice" on M_rs would require much lower tempe_,.tures

than those measured near the polar caps. Calcuie_ions oz _he thickness of

the frost-caps from their observed melting rate, and the e3tlmated rate o£

solar heating at the surface, indicate the caps to be quite th_ - perhaps

in the order of one centimeter. The recent detection of Martian H20 in

the vapor phase is, naturally, compatible with the accepted frost com-

position of the Martian polar caps.

The dack areas, or Maria, on Mars have bee_ a source of interest and

controversy for some time. They were first thought to be seas_ and then

areas of thick vegetation. Ue now believe that both these early opinions

are incorrect. Huch of our informant,;"__')_the apvearance of tLe Maria has

come from drawings by expe_:_c_ed visual obae_verr,, o_: from pho_ogra_hs of

. small to moderate scale_ ma_e at Lowell Ob_e_.'_tory, ?ic .k_Mldl in France

and other ob_'ervatorles. I believe thl_ situation c:ir.b_ i_proved.

, It is customary to say that photcgraphy with larg,_ " _ecting tele-

ecopes doesn'_ really ,'...._ much det_i! on the planets - _c,_ :early ns much

a s _i go_ vi_uRI ObSat_ C C_t_ see. _is _ it_" _ S ex_-_ .... _ S_SgeS t S n_

attempts with fast film _,_u_s_Jns. Using telescope= ,'/ "ng focal length

large aperture (D) 60 inc_.s= s_y) fine de_' * _ the su£'face of _ars

orobably could be pbotograFhed _ax better _an _L,_ h_ve been to date. Of

course th"._s_:ould reqt,_IresiB_Ificant amounts :.___aiuable obs_z¢ing time

under _oo4 seeing conditions. Whether or not the physlce,l nature of the
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Marti_.n Maria could be uncovered by direct photograph alone i_ n_ urn-

answerable, but certainly the potentially great resolvLng power o£ _:he

large earth-ba_ed telescopes _hould be brought to bear on the i'_robl_-m.

The Martian dark areas ur_dergo a maxked seasonal variatlo_ in ¢on-

tra_t - they become darker and sometim_ 4, .... _- ,ho_ _pT1r,_ sea_..._,

m_d then fade in the _ummer. In addition; non-perlodic ehea_ges recur.

For example, in 1954 Silpher noticed a ccappearing dark Marim of =on-

siderable extent. These events are completely my_.terious - how _:o_l_"""

large dark region form in a short time and how caa some dark areas spparent-

ly "regenerate _ after a dust storm has covered _hem!

Can such ch_ges be due to vegetat}on? There is a little, albei_

¢_, evidence op this questi_.n. Both Kuiper and R. S Richardson have

found that the dark areas do not have the characteristic near-lnfrared

reflectlo,, propertles of chlorophyll - a_4 so tha refleotion spe%_am of

_he M_ria do not resemble those of most terrestrial pla_ets near i_ .

The most widely aaceptad ev_!ence for ergot, it matter on M%zs - _n the

Maria_ a: lea[t - %s the detection by S_rton (1959, 1961) of th_ -.hara_ter-

i,,ticsC-._ vibration abso_pLions in 3.5 _& i_ the infrared spectr_nn of the

dark areas. These ban. do appear in terrestrial plants. The so-called

"£inton bands; are appaxent]y _b_ent in the spectra ef the i_rlght orange

"desert_." _he revised wave leagths of the absorption bands art 3.45, 3.58

and 3.69 _. Colthup (!gbl) has pointed out that the 3.69 _ ab.orption

coincides with a band ?,f a_etaldehyde and higher aldehydes. [f this org_x,ic

substance is xn the ase_ phase, it is surprising that it only be observed

over the Marti: t_dark areas. Unfortunately, this region of the Martian

infrared epectr,am la clo&e to the cro_s-over _egion of _eflected sola_ a,,_d

1965005887-077



X]V -6-

emittea p_.netary r_iatio_. The charade of cro3s-over point e_d the

slope of the _mitted energ_ curve near 3.5 > depends critically ,_n the

mmbient surf_c ter_>e-rature _d this temperature will vary fr.m the dark

to the bright areas on Mar_. Ree has pointed oltt that thls c(_mplication
l

m_kes _:_ nc.----a]"zation of the Mari_ spectrum %'_ry diffi_:ult_ It is hoped

tha _ there will be more obs£r#at_g-_ of the Sintcn bands on Marz -__nda_.

attempt to ;lad them on the F.arth should seem obviously %_)rt_.trying.

%

The bri@'£ orange areas of F_rs gives the p[an£t its red cole_.

Kalper'8 studies of the rcfiectioo properties of te!luri _- rocks like _ron

oxides ovar _he wave l:_'.gthie__iun k} :_0_) - 25,000, do mot match the

Martlan "deserts" well. The b._st spectral &greeme_t was with pulverized

bro_ felsite. From polarization _urves of the Martian bri_*t resie%!s,

Dollfus ratcnes Lest with limonite - _ure hydrated ferric oxldes" These

conclusions are in direct contradiction to eac_% other: Apparently neither

technique c_un provide a un$que _dettificatio_ for & solid reflecting surf._ce.

R_ently, Kiess, Karrer and Kiess (i_60) have advanced the hypothesis

that NO2 and N20 _ - _he oxides of n_trosen in the solid and gaseous states_

cuu]d account for the white Martian polar caps, the ruddy deserts and the

darkening wave wh%ch progresses seasonally item pole to pole. }Iowe_er_

neither Sinton nor Splnrad have be_n able to detect the presence of the

infrared a_ red absorptio, bands of NO2 in the Martian spectrum. Until

such a der-ectlottis made, this theory should be considered q_ite speculatiwe.

Several other M_rtlm% surface features, or the lack of them: deserve

CO_ent.

' There appear _o I_e no very hi&h i=olated mountains on Mars. /my high

features could be detected by sb_sdowing or by apl>eazfn_ as bright projections
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on the terminator at quadratures. However, the pres_mce of t._e _hio

Martian atmosphere tends to blur surface detail somewhat _nd estln_ste_

d

o_ _xi_m allowable heights of 5 - I0 thous_d feet are probably too

secrete. There are no Alps or Hin_alayan ranges on Mars, we are sure.

However, there are preferred ioca=ions for lingering fro_t -*--.... _^

_outh polar cap of Mars. They may be _tmtaiaous regions or an elevated

plateau.

The 18mous Martian "canals'; were origiually dlscovered and called

cha,_nels by _chiaparel]i in 1877. Many astronomers have visually oh- .

,erx.edthem as long, dark, lectilinea, streaks z_tendlng for sizeable

distances over the surface of Mars. They can occasionally be seen on the

best photoszaphs, too. Dollfus has observed canals under _he best of Pie

du _Lidi stein_ 8 conditions when they _pp&rently break do_u into di _onnected

fine detail - little s_ots and streake _hlch uo longer have the continuity

of _ canal. We do no_ know what this fine structure is, but the broker

canals are a characteristic surface feature of Mars, no matter whJt their

geometry. Any c_mprehe_sive lnterpretszion of _.he Martian suzface must

explain them _ along with the polar caps, Mari_ _c. degerts. Lowell's canal

h_-pothesis of a continuous system of artif_-ial waterways has been abandoned.

by modern a_tronomers; theze is no" eno_,Eh water to wet them anyway: The

po]ar caps must sublime during the spring - they probably do not mel_ co any

large degree.

The so-calle_ Martian "wa" e of darkening '_is the season_l change of

contrast of the Maria. Focas (1962) .has shown that the dark areas in middle

and high tatitude_ darker, markedly In the spring as their polar cap beg_

to recede. The wave gra_"-a_ly extends to lower latitudes - do_ to the

B
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". equatorial r_glons. The average propagation velocity _-8 about 35 k_ per
l

day. is tbis an exc._e of atmospheric uater va_ok" from one polar frost

ca_ to the other2 Sltpber has argued for such an interpret_tior; he states

instance:z of a cloud obscuring a dark area prior to itJ contrast in_rease

%

(greater darkening - lower albedo). The amouu._ of :4artian atmospheric H20

is very Icw_ but even small a_ounts might be sufficient.

The surface temperatures of Mars have been measured by infrared radio-

metry; the first observations wet_ ."Jadeat Lowe?l ¢bse_wa_o_-] and Mr. _ ;son

long ago and more recent measur_aents were mad._ by Slnton and Strong in the

!950's (Sinton and Strong 1960). The emission in the 8-12_, window of the

Earth's atmosphere originates mainly from the Martian surface; it is only

slightly modified by _he thin atmosphere of Mar_.

With ehe 200-1nch refle_.tor at Pal_nar, Sinton _ Strong measured

Martian temperatures by allowing the pl:_et to drift _er a small diaphrsm

which defined _he entrance to their radiometer. The so-called drift curves

were made parallel to the Mart_ equator and thus show the di:ern_l temper-

ature variation on the ground at: different latitudes.

Sln_on and Strong found the equatorial _emperature5 to be near -60°C

(213°K) at 0700 hours, a maximum of _22°C (295°K) at 1230 and then a decrease

" :_ to about +10°C at 1400 hour_. The mini_a_m temperature expected - near 0500 -

should be about -70°C (203°K), and thus the d._-rnal range is at least 90°C:

' This range is very extreme by terrestrial standar_is, and is due to the fact

that the Mars atmosphere is thinner and much more arid than ours, T_e

Hat'tlan Maria were found to be somewhat warmar than the bright deserts, the

, ; difference being about 8°C. This is in the sense to be expected_ for the

da_.k areas do not ref£ect much sunlight ba_k to space.
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Th__seMolecular ._mosphere of Mars

The thin atmosphere uf Fmrs t,_kes the detection of its constit_lent_

by earth-based sT,ectroscoplc means a d£ificult task. Yet, this met_cd does

yield positiv_ results. The poiya_o_/c _lecular constituents of the _ars

atmosphe£'e ablorb .-adiatlon best in the _.nfrared where our detectors are

least sensltLve and the Eartht6 own atrJosphere is an effective screen.

Luckily, these molecules do _bsorb r_:nlight weakly in the near-lnfrared

a_d red _en detectors are better 0nd suitable scellar spectrcgraphic

equipment is available.

Ther _.are only two positively id_ntlfied gases in the M_rtlan atmos-

phere. £n 19_ Kuiper detected small absorpti._ns at 1.6_ and 2.0_ which

are due to C_ 2 o_ Mars. These Martian q'osorptlon bands are superimposed

upon _he weak_-r tellurlc bands of carbon dlcxide. The secJnd ps detected

was water vapor; in April. 1965, Spinrad, _unch and Kaplan found some eleven

weak Doppler-shlfted Martla_ H20 lines near 18200 on a high dispersion s'pect-

rogrEu, taken with the Mount Wilson 100-inch reflector_

__ shows a composite tracinE of four of the H20 lines; the weak

_larrian compenent is Indleatml by an arrow. A. Dollfus in France also

prcbabl'] detected Martian H20 from a high altltude site in 1963; his method

was bro_i-band fill er photometry aro_d the i._ _nfrared H20 band. After

comparlson to the Moon, Dollfus suggested a small amount of H20 for Mars.

The Stratoscope II balloov flight of ,_lar,-h,1963 gave an upper limit to

the Martian Ii20 abundance which is compatible to tha Mount Wilson _etection

result. Most of the determinations of the absolute =mounts of both CO2 and

H20 in the Martian atmosphere are depevd_Lt upon the total gas pressure at

0
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the surface of Mars. Precious e._timates for the GO2 abundance, for ezm_ple,

vary from two to thirty times the a_ount above a unit area on earth - de-

pending on _w ,-he pressure correction _as made a_.dwhat surface pressure

wa assumed. The reason for the pressure term in the Martian abundances
l

is 8s follows: The =l_e of an individual planetary abscrption ii,le in

a molecular band depends on the prevailing ten.era.cure whicb governs the

Bopp]er width of the lit.e, _,C tt,e number _d kinds o_ molecular colllsion__

i per unit _ime which determine tLs _._o-calledLoreutz width, lhe Lorentz

_tdth is mainly _epend_t or. pressure - and the dependence upon presbure

is linear. Now _he z'elationship bei:_een the str m_gt_ _f _n absorption line

and the numbe_ of absorbing molecules necessary to produce it is a somewhat

cou_plex function called the cur#e cf growth. Vor very "weak absocptions, the

number of absorbing m_lecules _s directly proportional to the measured _unt

of absorption - hence this part of the curve of growth is called the lineari

regloo, Nher_ the absorption is _tronger, so that _be llne becomes very deep

at its center, it becomes "saturated." That is, as m_re _olecules are poured

into the absorh._ng colu_1, the ab_orptlon line grows a_ a slower rate thm_

the increase in the number of absorbers would suggest. The rate of increase

offabsorptlonn d,_ends mostly ol, the line wid h - sad -nus on the pressure,

Now if we are fortunate enough to _sve observatio_ _ o several weak

and strong beuds of CO2 in the Harti_ atmosphere, then we can use the cur_e

' of growth to establish both the amount of carbon dxoxide (from the linear

part of the cu_¢=) _ th= Lots] surface pre_sur_ f._om the observation,: on

the _trength of 00_2 b__nd =. lyiog on the sa,_ura=ed part of the curve of growth.

, It is _s£ug to ¢ons£der that the pcin_ip_e of this technique, a relatively
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co=_mon tool of the stellar astrcphysicisc, i_ belng applied to planetary

atmospheres for the first time. I will re_ Jew :he chrono!ogT of this wozk.

nOW.

I!

On April 12/13, 1963 Drs. Munch and Xaplan a_d =he writer obtained

a high aispe-sion spectrogram of /_ars with tDe fi4-inch Coud/_ uv_u=La of

o
the Hooker refle;tor. The linear dispersion was 5o6A/_mn, over the wave

length region k% 7000 - 8000 on ammenlated IV-N (very fine grain and high

contrast) emulsion. Our motivation was to use the relative veloei, es of

the two planets (Mars was moving away at this quadrature - the velocity of o

recession was 15 km/sec on that date) to separate the te!!uric and Martian

H20 lines. We did find very weak _Lsrs H20 lines at the ccrrect positions
O a

of 0.42A to the red of their telluric counterparts _n eleven calves - the

best unblended or nearly unblended - lines in the 18200 H_0 band. This
h

° was the first re_olutioi_ of individual rotational lines of a r_olecule in

the atmosphere of Mars - and also the first successful application of the

Doppler shift tecP_ique necessary to move the very weak Mars H20 lines off

their strong teiluri_ counterparts. We compute the abundance of H20 on

Mars to be about I0 _ precipitab!e H20; Dollf_s estimates some I00 _ and

the stratoflcope upper limit was 40 _. These amounts are no= in good accord,

but all are far less than the dverage amount o_ H20 above the surface of the

earth on a clear day - some 1 - 2 cm.: I should not forget to acknowledge

the efforta of Dr. D. Rank and hla a68ociates at Pennsylvania Ste_te Uni-

versity for their laboratory calibration of the l_ne strengths of the

individual 1!20 lines in the 18200 band. ,:

JuEt for amusement one afternoon we decided to look at the Mars

spectrum near X 8700 - the 5 v3 band cf CO2 is visible on Venus there. We
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expected notbing, for the accepted amount of CO 2 on Mars was so small com-

pared to that estimated for Venus that no CO 2 lines in this band should

have been noticed, even with our hIzh spectral resolution. Well, of course,

the unexpected often happens in Astronomy - 'we could easily see the R-branch

and some of the P-brar,cb lines in tnis 002 band on Mars in the micros_?e.

We have since measured the 002 llne strengths in this resolved band;
o

unfortunately, the rotational lines are really very weak, (."_ at maximum)

and the resulting measurements are probably not very accurate. These lines

are on the sidle linear part of the culm;e of growth, m_d thus with another

valuable laboratory Cal$.bration by Dr. Rank, we decided that the atmosphere

of Mars contains about 70 meter-atmospheres of CO2, That is about. 27 times

a9 much as over a unit area on Earth. Thus the curve of growth is anchored

at th_ linear section. Now the determination of the surface pressure _--

, ploys the published observations of Kvlper (1952) and S_nton (1963) for

the CO2 bands between I and 2 _ in the saturated regime. There is no place.

for all the details here, but we may ap_roxlmate the surface pressure de-

termination in the following way: for a band on the linear part o_ the

curve of growth_ the band strength W1 is proportional to the amount of

CO 2, m I.

(t)wI 5

and for a stronger band which is partly saturated, the band s_rengtb W2

will depend upon the product of the m_ount m2 and the pz'essure. P.

(2) W2-<m 2 P) `%

t
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and sJ:,cem, ffi m2 because the actual amount of CO2 is _he s_me in eiLher

equation, we can so]¢e for P if WI and W2 are accurately measured, and

the constants of proportionality known. This technique gives a resulting •

surface pressure of some 30 mb, and detailed work including self-broadening

and temperacure corrections move the pressure down to some 20 mbo _he de-

tails of the computation are currently in progress_ most of the woxk being

done by Dr. L. D. Kaplan. We consider the estimate of 20 mb good to a

factor two. The older polarlmetric determination of the Martian surface

pressure (_ 85 mb) may be suspect due to particulate scattering added to
#

the assumed Rayleigh scattering by molecules.

If the Martian surface pressure is really this low, then CO2 becomes

a major constituent. The partial privsure of ?0 meter-arm. CO2 on Mars is

about 4 mb, and the CO2 content by mass is then some 4/20 = 20%. What x_

the re_nainder_ Not H20 or 02 - the amounts of these gases are very low

(_1%). The bulk o _ the rest is probably N2 and A. Argon in the Earth's

atmosNhere has been radloactively _enerated in the crust from potassium -

40. If _Mars received the same percentage of K40 as had the Earth's c_st,

it should have enough argon to exert a partial pressure of 5 mb - or same

15_ of the atmosphele by mass. By .[efault aad analogy to the Earth, the

remaining 55% should be N2. But the reader should be wacned that this

mixture rests on uncertain foundations. The method used to determine the

amount of CO 2 and the surface pressure is probably excellent, but the

observations need improve, ant by repetition. And this requires a large

ref|ector with a modern Coud_ spectrograph. Tha cost of the raw material
I

_3.00necessary £or each _oserva_ion is reasonable; " for the plates and

$0.05 for the ammonia _o sensitize them_

1965005887-085



&,

XIV -14-

Clouds and Blue Haze

In y_llow and red light, the atmospher_ of Mars usually is free of
r

large scale cloudlnes_, at least in the center of th_ disk. There are
t

often patches of cloud and haze near the evening and _"_-'_.,inzlimbs and

over the polar caps of the planet.

From time to time, clouds of varying sizes and color appear o_er

significantly large areas of Mars, The most obvious on_s are the yellow-

ish clouds which are interpreted to be composed uf d_st stirred up by

winds, In 19_, large yellow clouds and veils covered a large F.ortion of

the ?lariat near the tl_e of opposition.

Theye are als_ cloods which appear white; they are most prevalent

over the cool regions of Mars where condensation of the small amount of

atmospheric water vapor is most likely. Do!Ifus has found the polarization
i

cu_es of these white clouds identical to those of terrestrJal ice crystal

clouds. Tile bypothes_s that the willie clouds of Mars resea_:le our ice-

cirrus seems plausible_

T_e rather general Martian obscuration noticeable at shorcer wave

lengths in the blue and near ultraviolet, is called the 'olu£ haze." I_

is usually optlcslly thick enough to prevent the visibility of surface de-

tails on blue photographs. The ,_mgunt of o})8curatlon is variable and _f_en

' patchy in extent,

_,_metimes the blue haze clears a_y en a planet-wlde basis. The time

scale of the change i= shortj perhaps a day or two° The return to the usual

, blue opacity can also be sudden.
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The cause 3f the blue haze is not understood. In conjunction with

the _arge opacity in the violet, the pl_net's a]bedo drops off at slnrt

wave !ength_, tOOo _¢_rs reflects only a few per cent of the incident blue 0

and near-ultraviolet sunlight.

Kaipez h_s shown that a hiKh li^O ice layer_ wiLh particle radii of

about 0.2 _ could produce the measured polazization properties demon_trated

by the blue haze. The _ca-crystal hypothesis c&nnot explain the low ultra-

violet a!bedo of _rs and Opik obJeetJ to the theory on these grounds. He

suggests an effect of pure absorption by a dark substance (like _oot?) in

some layer of the atmosphere. The photo_,etric evidence for such _% ab-

sorption in the blue comes from limb darkening curves by Barabashev 8/id

6%Lekarda (1952) _de with a snmii instrument. On large scale blue photo- - ,

gzaphs; the images of Mars see_ to show some limb brightening - this would

- ,. rule arainst pure absorption _n favor of scattering. Bow eigher process,

absorption by a dark constituent like carb_q particle_ or scattering from

ice crystals, can change rapidly on a large geographical scale is very

mysterious.

V_ Observations For The Future

Besides the conventional optical and radio observations from the

ground_ which will continue to add to our knowledge of Mars for the next

few years, space experiments will eventually also contribute.

The NASA-JPL Maziner series includes a fly-by Mars probe schedule

for 1964. The scientific instruments on bo&rd to observe Mars itself in-

elude a magnetometer, a television (vidicon) system and possibly a two-

channel ultraviolet photometer.
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In the future, as the allowable payloads bac,+,meheavier and the m

equipment more soph_sticated_ there will undoubtedly be flights of _n-

f_ared spectrometers and eventually, landing capsules fc. direct measure_

meTtts.
%

What will the experimente tell us? The television will present a

picture of the MartimL _urface with an order of mngnitude better re-+_iution

than achieved so far from Earth. +..,

The u]tr_rLolet photometry experiment will look for the L)_,mn a'

emission from a Martian atomic hydrogen Corona. and pesslbly may also

study the distribttlon of atomic oxygen around the planet,

An ev_tt_a! _nfrared spectromcter, if capable of high resolution

a_ long wave lengtrns, near the 4.8 _ CO2 band co,_!d _tovide useful info,-

matlon on the a_.mcsph,._k-iccomposition and structure and perhaps sor:e data

on the presence o_ surface hydrocarbons - the important tands are near 6 _.

The Martian surface will t_robably be visible in e._,Issionat th.+s wave length

if our _stimate of the }{20 abundance is correct. But are there C-E bond
+

emissions? •
+

The landing c-@sule pertains a who_.e new =ra in planetary observati<,ns -

and the potential of in slt_.u,observations is so greet that it seems unwif_
+

to speculate now on their nature _+r results. They are still for the future.

This is an exciting aM- for the planetary observer. In his lifetime he will

kno.._.wwwhether his earth-bound conclusions were correct or not'
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The average pzofile of four H20 lines in the Mars specturm, The

calculated pesltion ef the Martian compot.ent (_ z +0.42_) is +._@icated

by the arrow below the Mars syu_bol; the faint Mars water-vapor line is

visible there. +

I

t
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SOLAR FLARES AW_ THE _SSOCIATED EJFErlON OF PARTICLES

_Y

EIIqER TANDBF/_G-HANSSEN

HICH ALTITUDE OBSERVATORY
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SOLAR _AP.LS _P THE ASSOCIATED F_JECT,_'ONOF PARTICLES

by

High K[titude Observatory

i S-4i •
Of the ma_n sources of extra-terrestrial hazards to manned satellites

the solar flare phenomenon is perhaps the least understood. Great flares

may emit bosh hard X-rays end relatd.vistic particies :hat can be potential

7

dangers to space trave].ters as well as tc sensitive equipment.

We have some forecasting ability in ehe case of flares, but much more

is desired, both from a practical point nf view as well as for purely the-

oreti_a] reasotts. Further progress is not likely before a better under-

standing of the phy=_cs of the flare phenomenon is obtained. Even though

there can be little doubt that the physics of flares is intimately linked

with the pcc_ence of strong laagnetic fields in neighboring sunspots, an

acceptable theoretical explanation for the formation of flares is at pres-

ent not available,

D :/ t_(A '_"A 0
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I. Introduction.

There are _everal extra-terrestrial phenomena that are potential

hazards to future _pace travelers. We mention:

I. Collisions with meteorites

' 2. Radiations from the van Allen belts !

3. Effects due to flares.

Flare_ may emit both hard X-rays and relativistic an9 non,'ela_

tivistic particles. Since the problem of solar X-rays _mission h_3

already been treated at this conference, as have the problems of me-

teorites and van Allen belt3, I shall restrict myself to a stud_ of

the particle emlssion.

II. Historical Remarks.

In recent years solar protons have been observed many times at

ground level as well as by airborne equipment. However, it was prob-

"/ ably in 1933 that so!_= protons were first recorded. In MaLch of Lhat

yeax a belloon was flown over Stuttgart, Germany _nd an ionization cham-

ber registered a pronounced increase in coomi¢ rays simult_teous!y with

the passage over the ¢entral part of the solar disk of an active _nspot

region. There _s no record of a flare occurring hut this may be due to

lack of obse_'ations i_ those da_.

The first instance where a flare was seen simultaneously with the

observation of increased cosmic ray aounts occurred on June 20, 1941_

A coincidence counter in Friedrichshaf_, Ge_any registered this event

which apparently was due to an importance 2 flare.
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With the great sunspot _rcup of February 1942 came the now famous

flare that was responsible for protons with energies as high as 10,000

MeV. This case _._also notewo[thy since it led to the discovery of so-

lar __a.,'iobursts_ generated by. the flare activity.

Since World War II solar protons have been observed many times. Of

special interest z_ the grea_ _=_=..... of .._°h_,,orv_.23.. 1956. _'hi_ case was

extensivel_" studied and was to a larg_ extent re]ponsible for the rapid

growth cf the n_w solar-i_,terplanetary space research. Then came the

Sputnik era. On November 7, i_57 the first observation of solar protons

was recorded by Spu6nik iI. On April i2, 1959 L[Lnik II observed the

heavy particle component of _olar c.osmic rays, and Pioneer V observed

both proto,Bs and electrons and/or 7-rays on April I, 1960.

All of these event_ ,eem to have been caused by great or very great

flares, but - as already pointed out by Firor nearly a decade ago - small

flares may also have a noticeable ef'ect_

II___IF!ares - A D_tion_._.._z.

On rare occasions flares may be observed in _nhite light, i.e., they

emit a sufficiently stron_ continuous spectrum to be notice_ as a bright-

ening against _he darker - but still quite brig_t - photosphere. The

customary way of nbserving flares are, h,:we';er,by recording the emission

:: of solne spectral line - the _almer ines of hydrogen for example, or the

i:

H or K line of ionized calcium. This amy be accomplished _y a narrow

_ filter, centered on the llne, or by a spectrograph, ,electing the proper

_ litre. When viewed by these techni£ues the flare looks bright again_t the

disk of the sun or, if observed at: the limb, agains_ the dark sk) back-

ground.
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The ,.,ares always occur in pre-existing bright plage areaL_ in _he

vicimity _f mmspets. The area of flares varies from about I017c_}: f,'_r

1020cm 2smaller flares to as much as for bi_ flares. Customarily, rhc

importance of a flare is a measure of its area. When the area is ,_ea,_-.

' urcd in millionths of the sun's hemisphere (for co_,version the s_n's

radius is approximately 700,000 kin) we give the imp,_rtance of _ne _lar¢

according to Table I.

Table 1

Area of flare in millionths

of the sun's he_d,s.phere Impor£ance

<I00 l-

100 to 250 1

250 to 600 2

600 to 1200 3 •

>1200

The energy output in the line emission is about 1030 ergs for an

' importance 2 flare and may be as _,ch as IC32 (:rgs for th_ biggest 3+

flare_,

The temperature of the radiating gas in f,ares is about 10,O00°K

or sliEhtly more, aud the density I0II to 1012 particles per cm3. If

, the 1032 ergs come fzo= a flare of area 5 x Iclgcm 2 this would corres-

pond to a flux of 2 x 109ergs/cm2/sec. For comparison the radiant energy

flux from the quiet photosphere is 6 x lOlOergs/cm2/sec,
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IVV_. Flare-associated Ph_

There are a nun;her of ph¢_nomena in the _olar atn_0sphere Lhst seem

c

to be more or less intimately llnked to the occurrence of flares. We

mention:

_. S,,rgp_ - dark or bright prc_r.ineuces shooting away from

the flare and apparently triggered by the flare.

b. Radio bursts ot Type iI apd IV seem t, be caused by flares.

c_ Coronal emission. Thls J_ emission from highly ionized

metal atome and occurs often in the corona surrcundlng

flares.

d Sudden disappearance of quiescent prominences see_L_sto

be initiated by some kind of disturbance originating

in flares_

e, Cosmi,t rays, high ener_" partiele_, are - as we have seen -

often expelled from fl&re re_ions_ "fne physics of this

process is not underscood_ but is one of our main uoncert_s.

_:,_Particles responsible _or the van Allen belts, aurorNe,

and Meomagnetic storms are likewise expelled from flare

regions_ They have much lower energy than co_nic ray

particles, and take of the order of a day to travel from

the sun to the earth while cosmic ray particles traverse

this distance in approxir_tely one-half hour.

All these dif_ez_nt phenomena should be taken _o_o consideration when

_ we want to derive a flare model and to £,'nd a theory to explain the f_are

_: itself.
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' __ics of Flares ani the _iection Mechanlsm for Cosmic Ra_ Particles.

Since some flaL'es, but far from all, emit energetic cogmic rays there

must be sc,me characte-istics that determine e comnic r___ayflare. Se_,eral

' criteria hav_ bee_ investigated but no oue will uniquely determine a cos-

mic ray flare° We ma_ say that when several of the following _haracter- "

istics are present there is a good chance of observing increased cosmic

ray activlty:

Io Th_ flare i s accompanied by a Type IV radio burst

2. [_,rt of the flare covers the umbra of the sunspot

3. _he flare producee a polar cap absorption, i.e._ in-

creased D-layer loni'.ation by !O - I00 MeV protons.

4. _he flare occurs on the wgstern half of the sun's dis_" -

thereby = _" ""_ac _ita_xng the arri.al at the earth of the

particles followi_g curved patS_ (effect of sun's ro-

tation) ¢

It is still a matter of controversy wh.tner the ejection of parti'les

' is to he tz'ac_4 to mere c,r le._s intrJnsi," properties of the _Jare itse]f :

(criteria i, 2 mad 3 above) or whether the zeometLy of the sun-_cth

, configuration (cri[er_tm 4) is of prlnle importance. _

The _,ature of the flare itself is still _Iso a _'_ er of gre-t un- i
?

. certainty. One often read_ or hears the stat_men_ that flares are caused ]

by the annihilation cf pre-existing =mgneti_ fields. It is true that the

fields that exist around sunspots have enough energy to JccouDt for the

_pproximately 1032 ergs required for a good-sized f]are_ This ax_unt of
t

energy could for instance be made ;_vailable by the conve, sion of all the

4
magnetic energy in a 500 gauss field occupying a cube %,h_se side is 2 x i0 km,
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But the difficulty is that no process is known that allows a _ _

conversion of the magnetic e ergy. P_obabiy the only hope efa solutio_

along these lines is the pos,_ibility of applying to "he s_lar plasma the

instabilities 1_centl_' discovered in some plasma machines, There insta-

bilitlcs duc te dens!ty gradients se_.s to be able to destroy ,:_gnetic

fields very efficie_tly. The physics is, however, still not well enough

understood to allow a meani_gf_l apDlication to flares.

ChargerJ pa_'ticles _an be accelerated to high velocities in a chang-

ing magnetic field and it has be_,, _ _gested that _,uch acceleration is

responsible for the ejectlon of cosmic ray particles from flares. There

may be observations to support this point of x'[ew. Some authors claim
#

that the magnetic field changes rapidly with the onset of a flare, but

others do not seem to find this.

Thus, no_ only our understandlng of the physics e_ flares themselves

but also tPe theory for the ejection mechanism fee cosmic ray pa;ticles

are still quite rudimentary.

VI_Th_ P'ossibllirv of Flare Prediction

We h_ve heard Dr. Roman's eKeiting report that some forecasting

ability rm-y soon be developed in the case of micro-flares. When it

comes to the great cosmic ray f!al_s we can, however, still do very

little. It is true that we ca_l give the general rule that such flares

are not infrequent at eime_ of suDspot maximum (roughly every II years)

whereas they are ne×t to non-existing near times of minimum. But th_s

is hardly _o De [_beled fore'asting.

I
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Alao, w_ can say that great flares occur near complex sunspot group_,

e_nd fer the time beln E it is along _hese I/nes that the forecasting ms>,

d-_elop. _ the best we can do is to watch the grcwth of sunspots and

if a group develeps a co_lex pattern, chances for flares to occur in-

crease _reatly. This may be of some help lot short-ter_, missions in

space (mayb? up to a week), but on a i,_nger t_me-s_al_ our forecasting

ability is e_:tremely po_r. As we hEv_ seen_ this is mainly due to lack

' of under_tand.'_ _-__the flare itself and of the _ecessary conditions for

flares to occur tns gl_Jen region on the sun.

Consequ_utl>3 additional theoretle-.l work is of the greatest im-

p_,rtanue for _he future of fla_ e _orecastin_. and hence fur space tr_el.
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TIROS - T_ FIRST M_TEOROLOGICAL SATELLITE

by

Robert M. P_dos

Goddard Space Flight Center

INTRO_JCTION

In the comparat_:_ely short time avaflabl_, • w_uld like to °

Describe the TIROS system

\
Show some of the results

t

Outline the future progra,_

Before discussing the TIROS system we must first ask why there is a

need for a meteorological satellite. The atr_osphere is e globa] phenomenon

• that is constantly in motion - motlcn prJduced and Infl,_enced by complex in-

teraction of many events, such as unequal heating by _he sup, the eflect of

terrain irregularities, and the rotation of the earth. These events take

place in the lowest i0 to i5 miles of the atmosphere.

Weather knows no political boundaries. The meteorologist must observe,

describe, and understand the behavior of the atmosphere over a large pcrtlon

o@ the globe if he is _o explain and predict weather in any locality for any

purpose. Son_ types of weather phenomena are short lived; they last only

several hours. Therefore, accurate analysis and prediction of weather phe-

f

ncmena require both a ra2id means of real-time observation and rapid trans-

mission of these observations.
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The observations available to the meteorologist before TTROS were those

• n%aae in _.he inhabited areas of the world, or from balloons or aircr_ft.

Atmospheric events in deserts, the polar areas, and o,:eans were undetected.

Only when events moved out of these uninhebited areas did their presence be-.

, ccme known_ often too late to d_ ai_ythlng for the protection of life and

pr_,per_y,, For _A_m_,_=',hurr_ caL_es _^rm ov_._ ece=_n areAq _ar the eaua_or

and the first warning to a ground observation s_stem occurs when the hurricane

strikes a ship, an island, or a coast line,
i

The __-teorgloglcai sttellite can provide fuller coverage of atmospheric

events. With adequate sensors, it also can detect phenomena such as tornadoes

and thunderstorms which exist in the inhabited _reas but between the normal

observatio._al network,

The type of data which satellite" :_rovld_ _s dl_erent from other ob-

secvatlons and therefGre contributes ,.;t only to upe_'Itlonal _teorology but

:o a ._ore complete understanding o ._ospheric events. A sate .llte can vie_,

an entire storm as opposed to only _,rt:_l o5=er ,tien by other means. It

can measure the balance between tl-,£solar absucoe_.[ar_,__-f_ected radiation.

, The meteorological satellite is not going to solv_ all weather L,_¢biems,

but it is a major tool in _,Le solution of many problems,

• TIIE TIROS SYSTEMS

TIROS is an acronym for television _nd ._nfrared observation satellite.

, The TIROS program wa_ .aeveloped for two basic purposes: to demonstrate the

technical feasibility of obcalning meteorological d_La, and to demonstrate

the practical uti]ity of the data obtained. To dp.=e, seven TIROS satellites
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B

have been launched, at a rate of two per year from 1960 to 1963. TIROS VI and

VII are now in routine operation,

Yhe TIROS program can be d_vided _nto foul sysLems:

The TIROS qpa _craft, which observes the earth and it_
cloud cover and transults d_ta to the earth

l'he three-stage Deita launch vehicle used to place the

spacecra£_ I_L --=_

_he ground stations used to command and control _he

s_.eJlite and to acquire data

_r,e data utilization system, which distributes meteor-

ological information to the scientific community

TIROS SPACEC_WT

The spacecraft includes:

Television subsystems to v_ew the earth's cloud co_er
and surface

inf:ared subsystem to de_ect the earth's emitted and
reflected radtatlon characteristics

A_sociated tzansmitters and receivers for command

and 4eta handling

Con&rol and telemetry circuitry for spacecraft stabiliza-

tion, housekeeping, etc.

The sparecraft has consxderable flexibility and the subsystem_ vary sor_ewhac

from one TLK)S to another, depending on specific mission requirements.

_,e spacecrait measures 22½ inches in height and 42 inches across (Figure i).

It ccnsists of a xeirdorced baseplate and a cover ass,;mbly composed of a top frame

and 18 side panels (F!gere 2), The four elements of th_ transmitting antenna pro-

ject from the baseplate _nd the receiving whip antenna projects from tL= cover

assembly.
I"
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The cover aJsembly provides an unobstructed exposed mountin_ platform for

the solar cclis, attitude sensors, and horizon scanneru. 'me attitude control,

precession dampers, and des:,in mechan#.sm are a]so m_,unted oq the cover_

The majority oL the spacecraft components are _unted on the ba_eplate ,-

(Figure 3). The TV camera and two of the iR r_diom<ters observe through open-

ings Jn the baseplate and cover assemblv_ £_o se_ of omnid_rectionaJ infrared

sensors project from the baseplate on rad_ally opposed booms.

Te!evi_ion Subs_

The TIROS television subsystems provide both direct and remote picture-

taking capabilities, k_o types of camera systems are currently available: the

recording television subsystems, flown on all TIROS launches to date. and the

recently developed automatic picture tra_smission (AFT) system, scheduled to

be flown on certain future launches.

t

Recor4inR TeleviBion Sub_y._tems _ The recording television subsystem con-

sists primarily of a 'i_"camera and circuitry for magnetic tape recording mud TV

transmission. 'I_o complete units_ capable of concurrenv or independent opera_ions,

can be flown. The cameras operate in either of two modes: direct picture caking

and transmission without storage_ withi_ range of the data ac%_sition statlous_

or recorded-picture taking and magnetic ta_ storage over remote areas. I(_ the

record mode, one or both cameras may be programmed by ground command to take

and store a series of 32 pictures at 30.,second intervals over prescrib=d _emote

area_. Stored data readout an_ subsystem programming are accomplished during

the nc.xt pass over a data acquisition sta_iou.
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The cameras are mounted on the baseplatc of th_ spac_craf_ with their

optical axes parallel to the spin axis of che s[,aeecraft. The field-o£-view

and resolction of each c_era vary with lens selection (wide angle, narrow angle, t

etc.) and spacecraft orbital parameters (altitude and nadir angle). One dn_ one

half milliseconds exposure time is required to eliminate picture distortion due

to spacecraft o_hlt and spin r_otion. This function is provided by an electro-

magnetic focal-plane shutter and suitable timing circuitry.

The TV tubes are 500-scan line i/2-1nch zidicons with a persistence that

permits a 2-second scan with less than 20 percent deBcadat_o,l in picture quality.

Sufficient tape is progided for recording 32 frames at a speed of 50 inches

pec second. During recording, the mechanism operates only during i_div_dual frame

reeo_ding_ during play-back, the mechanism runs continuoub!y fat 50 inchps per

seconC _n the reverse direction) u_til all the tape has been transferred and the

. end-of-capt swlteb actuated, The tape is erased immedistely after playback, and

again just before recordiug.

APT Sub_ - The APT subsystem is designed to provide w[ce-ang]e c_oud

cover pictures in real t_me. The equipment employs the sane basic principles as

the TV camera - a camera-vtdlcon arrangement designed to operate from _ spin-

stabilized spacecraft. The APT subsystem tal_e£ and transmits pictures continuously

on command during sunlit portions of the orbit.

The APT vidicon is similar to the TV vidicon except fo_ the addition of a

poiy_v£ene layer to provl!e e_ended image _torage c_pability. The z_be is

operated through the prepare, expose, and readout phases by varying the mesh

potential with respect to the target potential. The image is projec:ed on
w

prepared photoconductive layer, then transferred by potential change to the

1965005887-109



i

XVI -6-

ctorage layer for readout. ._ne prepare, expose ='r_¢, t_apsfer operauic_s "_re

ac_ompiished during the fzrst 8 seconds of each 20e-second picture eye}e, the

remaining 700 aeconds are ._-equlredfor reado,t at a _caz rate of 4 lines per

second_

The vidico,l output is transmitted to loLal APT ground stations, _here the

'_ picture is repreda_ed by facsimile for irmmedlate local use.

Radiometer Subsystems

The radiomete_ subsystems are deeigned to perform infraT:_d and vislble

radiation measurements _n selected spectral regfons. These d_te plovide the

basis for analysis of radiation distxibuLion ior varioas re_n_ for measuring

the earth's heat budget, and for measuring the attenuating effects of water vapor

in the atmosphere (Figure 4)°

Three ty[es of sensors have been _lown: the scanning radiometer, the no_,-

scanning radiometer, and the omnidirectional radiometer, The functiops a-_d ob-

jectives of the radiometers are:
=

The scanning radiometer measures the emitted and

reflected radiation of the earth and atmosphere o.'_r

f_ve channels ranging _rcfm 0.2 to 30 microns.

The nonscanning radiometer, !ast flown on tIROS IV.
measured the total radiation fcom the vicinity of the

earth in the 0.2 - to 50-micron region amJ, separately,

' the radiatio_ emitted by the earth in the 5 - to 50-micron

reg_ o_.

The omnidirectional radiometel provided measuremr ats for
' dete_mznat_on of the earth's thermal r_diation

¢hara cteris tics

The IR recorder records contlnuously except daring playback, erasing

immediately before recording. A 20e-foot endless-loop my!a_ taue provides full
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orbit ccverage at a recording speed of 0.4 inch_-s per second. Upon interrogation,

the tape is pl_yed back at 12 inci,es per second th_ou_h the 237-Mc IR subsyste=

transmitter°

Co.and and Control _ubsy_tem

The comm.and and control subsystem receives, stores, and executes cotm_and

and d_ca acqu[sitlon (CDa) stat'on con_nands that control the various spacecraft

and s_obsystem operations. The subsystem consis_:s primarily of a 148-Mc receiver,

#ecoder, a:,d bandpass network. The unit receives and demodulates the tone- mo-

#ulated CDA station transmissions an( channels the various cocmmands (represented

by a _eries of audio-frequency tones) into the proper control and programming

circui[s. Operating in conjunction with subsyste_ switching clreuitry for

immediate action, and with subsystem clocks for re._ote o_ .ratzc_, the system

controls the following functions:

Direct TV picture transmission

Recorded TV anl IR data transmission

TV subsystem progra_ming for remote operation

Tel ame_ry transmission

S_inup rocket selection ard _iring

Beacon trancmitter switching

Operation of the r_agnetic attitude control

Co_,_landFunctions - All command _,_nctiona arc performed when Eh_..space-

craft is within conlnunicat_.ons range of a CDA station. The CDA stations are so

located that at least one will be within communications range for a v,inimum of 6

minutes for an average of eight of the ]4 orbital passes each day. During a pass

J
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over a station the recorded TV and IR data are trans_it=ed "l_,eTV subsystem

is programmed for re_ote operation, and stored or direct TV is transmltted.

__P_ic_g_xe Trar_sm._s6j[onCommaBdl _ Direct _V pictures are tal-en and

transmitted directly to ground while the s,_acerraft is within radio range of a

CDA station. Either camera may be used or both may be employed alternately.

?wo sequences of pictures [one before an_ one after recorded data transmission)

are possible d¢r_edi_,g upon the selected duration of each _icture seqre:zce and

' sFececra_t pass t_me.

Recorded TV Data Transmission and Pro_ommands - Recorded TV data

piayLack follows direct camera sequence.. _V tape-recorder readout sequence is

selected t,_eliminate transmitter war_-up time by employing the camera subsystem

transmitter in operation at the time of switchover from direct to playback _ode

of operation. Start of a playback sequence causes the direct picture-t_kln_.

sequence to _nd immediately regardless of direct sequence programming. Four

playback selections are available: camera I only, camera 2 _nly, camera i then

2, and camera 2 _hen i.

Program_is_g the TV subsvs_,,',for a remote plcture-taking sequence takes

place during aaam,t and transmission of the previously recorded picture data°

Eithe ". _elr",er, _,rboth camera subsystems _a7 be programmed. However, each sub-

sys_:¢m clock is set independently; that is, subsystem i clock is set during play-

back o£ subsvste_l I, and _ub_.ystem 2 cloc!" during subsystera 2 @layback. A pulse

' from the CDA s_a_ion master clock starts the spacecraft clocks. If only one

oam_re _ubsys_em is programmed for remote operation, the pulse must occur either

•,:the -nd of tha_ camer_ playback _equence, or at leas_ 40 seconds after the

" _ r--_ .... ,
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start of direct ca,_era ,_equence II. Wh_i both s_bsvstems are p_ogra,m:ed the

puTse must occu_ after 40 seconds of direct _amera sequence I!.

Recorded IR D_ta Trens_issic;: Commands - "[he IR equipment operates con-

tinuously, record__ng at all times e._cept during playback. Two seconds after

playback of _4.eTV data heroins, a tJme-refe[ence pulse from the CDA station

,master clock is recorded on the IR tape, indicating tPe end of the IR recording

cycle. Actual playback of the IR data begins 20 to 2_ seconds later upon com-

pletion of TV da_a playback.

Stabilization and Control Subsystem

The _rimary requirements of the stabilization and control subsystem are

to orient arid spin-stabilize the spacecraft. Proper selection of the ratio of

m

principal _oments of inertia, together with an internal energy absorber, permit

the spacecraft to be spin-stabilized without wobble or precession about the de-

sired spin axis.

Precession Da-npino - Precesslon damping is accomplished by two turned

ei:ergy-absorp_ion mass (TEAM) mecP,at_sms instaIled _ertically, 180 degree._ apart,

on the spacccraft inside wall. Tae TEAM mechanisms convert the klne.._c energy,

tending to cause the spacecraft to precess.

Spin Rate Reduction - The spin-stabilized third stage of the launch vehicle

imparts a spin rate o._"_'oproxi_ately 120 rpm to the spacecraft at separation;

however, optical colzslderati_."_r,_quire that the spa_.ecraft spin rate be reduced

to approximately 12 rp_ hofore i_ subsystem operation. Effective spin-rate re-

duction is provided hy a despin devil.e, known as a ,,o-yo mechanism, consisting

of a pair of cable-attached _sses aiflxed at polnt_ 180 degrees apazt on the

@

• ., ° , o

• I
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periphery of the spacecraft. During launch and injection, the cabie_ are

wrappeJ around the spacecraft and the masses are secured by qquib-actuated

release mechanisms. After spacecraft separation the despin release circuitry

, (or, if required, a ground station back-u_: command) frees the masses, per,

mittlng centrifugal force to unwind the cables. As the cables unwind, kinetic

energy is transferred from the vehicle _o the despln masses. When the cables

extend radially from L_,='_"spacecraft, .......=,,f6!r_nt energy_ has been transferred to

accomplish the required red,_tion in s_in rate. The cable-attached masses then

slip fro_ open hooks and separate from the spacecraft.

SpI_Up Encket_ - Because of the "drag" effect of the intera:tlon between

the earth's m_gnetiz f_eld and the magnetic marerlal in t,_espacecraft, the spin

rate would eve_itually drop below the 4eslrud 9-rpm minimum. To maintain the spin

rate wlthi_ acceptable limits, 9 £o 12 rpm, five diametrically opposed pairs of

solld.prorel_ant rocket motors are mounted around _he periphe=-v of the spacecraft

baseplate. When fired in pairs, by ground command, the motors provide a 3-rpm

increase in spin rate to compensate for the "drag" effect.

Attitude Control De¢ice - _nne attitu4e control device consists primarily

of a 250-turn coil of aluminum wire wound around the perIFher / of the spacecraft

and I pulse-controlled, solenoid-operated stepping switch. The stepping switch,

operating _n response to ground station commands, permits the eoli to be eDL rgized

in either direction (current flow) at six voltage values fro_ zero to 6.3 volts.
)

Each change _n curr=n£ effects _ cvrrespond[ng change in the induced magnetic

field of the spacecraft, providing, through the ineractlon of the magneclc fields

of the spacecraft and the earth, the mechanical force necessary for attitude control.
I

I

i I |.........J
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Positlon Indicctorss

ALLitude Ind_cator Subs_em- The attitude indicator consists of e r_rrow-

field (l-degre- Ly 1-degree) "_nfrared bolo_eter, complete with dlfferenti&tlng

ard amplifying circuitr/. The sen_or, moues.tedwith its optical axis perpendicular

to the _pln axis of t'h,_-spacecraft, scan_ space belo_ as the vehicle rotates, The

sensor spectral response (flat between 7 an_ 30 microns) and time constant (2.0

milliseconds) are _e!ected to provide _n accurate response to _he earth's heat

m_r_ur durln_ the horizon-_o-herlzon portion of each s,an. The occurrence and

ddrat__on of the earth's heat pul_e constitute the indicator output.

In operation, the output of the sensor is dlfferettlated to avoid ae-

amplifier and temperature stabili_ prableo_., and is amplified prior to trans-

mission from the spacecraft. _ne leading and trailing edges of the "earth pulse"

_re amplified _-oprovide _ ._inal 5-volt peak-to-peak analo_ signal. The analog

eignsl frequency modulates the 1300-cps beacon oscillators, which in turn amplitude

moGulate the beacon traus_itters. The attltude-lndicator ;Jutput is transmitted

continuously except during telemet_y transmission,

Simply, this subsystem allows us to Iccate the spacecraft relatlve co the

earth.

North Ind/.c_tor - _"ae north indicator consists of a seri=_ of nine light-

sensit.We sensors mounted behind vertical slits spaced _venly around the per-

iphery of the spacecraft. P_tation of the spacecraft causes the sensors to view

the sun seq_entially. Each sensor is connected to _ one-shot multivlbrator that

produces a coded pulse (short, medium, or Io_ pulse duration) when tritEr.red.

Sensor-_ounting sequence provides pulse width combinations that perm_ic determination

of sensor position (with respect to a zero _eference llne) from the output of two
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sensors. The sun-angle pulses are shaped and amplified by the north in4f_tor

electronics for _ransmission with the TV data. Actual north indication :s

computed from this sun-angle information and spe_ecraft spin rate at the ground

station.

Again, simply, this i_,dicator allows us to orientate the spacecraft with

respect to the sun.

Spacecraft, T_elemetry -_ubs>_te_m

" I_o telemetry s_itcbes ace provided in the satellite, one associated with

e_ch beacon transmitter. The output of these switches amplitude modvlates each

beacon transmitter _pon recei_ of a conz.ar,¢ifrom the CDA stations°

All telemetered information is in the form of dc voltage lying within

the limits of + 2.5 volts. Various spacecraft temperatuzes and functional par-

ameters of each 8ubgystem are monitore'., the telemetry switch dwell time being

apploximately i second for each of its 3_ contacts, *';teppingautomatically until

_t reaches step 40, the last position.

Communications and Data Handlin$

The TIROS comlmmications system provides the radio l_n_.'sfor receiving

ground-co_and signals and _o__ transmitting tracking, telen_etry, and experiment

intelligence fr_n the spacecraft. Spacecraft: transmitting capabilitie_ are

provide_ by radio links consisting of:

Beacon transmitters (136.23 and 136.92 Mc)
t

TV transmitter (200-Mc band)

IR transmitter (237 Mc)

._T transmitte- (136.95 Mc)

|
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_.t enna Subsy_gem

The an_:en.'as,,b_ys_-emconsists o_ a tra_ismlttil_g antenna and o whip c,__

dipole r_c_,ivin_ antenna

The tra,s_it :in_ antenna is m_de up of _ pair ot crossed dipoD-3 fed i_

quadrature ' ,_e '.'i:.'cularpolarization. Each of four radiating e!ement_

(m._m.:eu radJ..,]_ ; the lower surfacE' of the _pacee_-aft) consists of a 32.5-

inch rod (0.36 wavelengths at !36 Me), which also serves as the center conductor

of a _u_.._. _Iceve ..........._r, di._o 12 inches (_ wavelength at °35 Me) from the base

end of the rod. The rod and sleeve are connected at the base end to form a sh,,rt-

circuited trans,6i___ion line within the sleeve. Suitable matching and coupl_ng

neLn4erks permit the system to transmit each of three frequency bands with suf-

ficient isolation between tr.nnsmitters to pr%vent i.teracti,_n.

The receiving antenna _s a separate %-wave monopole positioned vertically

at the top-center of the spacecraft (the neutral plane of the crossed dipoles).

By virtue of this positioning, approximately 45-db attenuation is achieved be-

tween t_,'etransmitting and receiving antcnnas preventing transmiEted enerpy from

blocking the receiver.

_lermal Con,'.roi

A combination of passive thermal-control techniques are emp!o>ed _o Frovide

acceptable average temperatures throughout the spacecraft. The techniques em-

ployed include :

Proper absorptivlty/emlssivity ratio surfaces and sur-
face coatings

Construction techniques and material selection that pro-
vile a suitable _0,._at flo-v pattern

Solar ¢_-II filters

!

!

J
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The top and side surfaces of the sFacecraft are oubjected to the greatest

• incident energy flux and arm therefore provided w'ith surface coatings thet re-.

ject the maximum amount of energy. Owing co the large area-to-mass ratio of

these surfaces, however, the temperature "_ould tend to exceed desired limlts

, if only radiation cooling were used. fo prevent overheating and to increase the

temperature of the lower surfaces, the structural design perf.,its maximum radi__nt

energy exchange. All possible interior s.,rfaces are blackened and thermal re-

sistance is minimizen by providing adequate heat flo_¢ patbs.

Power Su_pply

Po_er is obtained from the conversion of solar energy by silicon cells

located on the top and side surfaces of the spacecraft. "Ehe cell requirement

(9,200 l-em by 2-cm cells) is based on the variatxon in load due to s_acecraft

and experiment demands dui'iug light and dark periodz; the period of coincidence of

ill,=nJnation time versus interrogation time; and an analysis of cell mortality on

previous satellites. The cells are connected in serles-parallel Irrangements

based on the voltage current requixement8 of the spacecraft _ % conjunction with

the fluctation in illuminated cell area due to spacecraft rotation and orhital

day duration. Power is stored in 21 series-cennected nickel-cadm._um cells.

LALRNCH VEHICLE

The launch vehicle for TIROS I was a 'i_or~Able; however, all subsequent

TIROS spacecraft were launched bF the three-stage Delta consisting of a Thor

' first stage, Aeroiet General second stage, and an Allegheny Ballistic Missile

third stage (Figure 5). Stages one and two are liquid; the third stage is solid.

The ruckc_ i_ 92 feet high, 8 feet in diameter, and weighs about 112,000 pound_

!

I
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at liftoff (Figure 6). During liftoff, the Delt_ consumes oxygen enough for

6 million people.

_e delta, successful or. all but i_s first attempt, h s had 19 straight

successes.

The saLel!ite i.. rut into a nearly c_rcular 400-tulle orbit (Figure _)an_

takes approximately I00 minute to c_rcle the earth. The angle of inclination

was 48 degrees for TIROS I through IV and 58 degrees for TIROS w, V!, and VII.

The angle of inclination is limir.ed because the first and second stages mast be

dlsposed of over uninhabited areas. All launches have be n frora the Atlantic
G

Missile Range in a noctheast direction.

T_eking of the TIROS _,[a_ecraft for purpose_ of orbit determinatioa is

performed by the NASA satellite tracking and data acquisitio_ network (STADAN).

The orbit is determined after launch and is continually updated. From this in-

fox-marion the time of acquisition of the spacecraft is determined for each of the

data readout stations.

COMMAND AND DATA ACQUISITION

i'_o primary CDA stations have been established to acquire and process TIROS

ddna: Wallops island, Virginia, and San Nicolas Island, Calitornio, at the Pacific

Missile Range (PMR). An auxiliary command station: us I to start spacecraft

_ clocks, is located at Santiago, Chile. A secordary CDA station in Princeton, New

Jer:ey, is used for local analysis of system operation. A third primary CDA

station is being established at Falrbanks, Alask_. The Alaskan sta[ion is ex_

petted to be operational in 1964.
[

The satellite orbits the earth approximately 14 times per day. Because of

Ll,e location of the CDA station_, an average of 8 orbits can be interrogated. The
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other 6 orbits cannot be utilized except by a special Lechnique _hich allows one

additional orbit to obtain p_ctures, l"nis special technique is to program the

cameras after the last pass over I_R and then trip the clock to start on a future

orbit which over-flies Santiago, Chile. In this way, a specific area may be

viewed durin5 one of the orbits which does not pass over either Wa]iops or PMR.

Of the eigbL orbits usually obtained_i!y, two qre available at Wallops

only. no are available _t PMR only_ and four are eormnon to both.

The CDA stations perlorm the following _asks:

Tra.sm_t signals to the _pacecraft for progra_mning its operation
and data transmisszon

Recei%e signals carryin_ 3_, iR, attitude, and telenetry
data from the spacecraft

Extract the 'iV, IR, attitude, and telemetry data from the

carrier signals

Record and identify the data

Relay reco_'ded data to the TIROS Technical Control

Center at Goddard Space Flight 3enter and to the U. S.

Weather Bureau in Suitland, Maryland

Antennas

, Th._receiving antenna for the _ CDA station is a 60-foot-diameter !ar-

abolic reflector type (Figure 8_. The antenna has = gain of 30 db at 235 - 237

Me, and a gain of 2& db at !3L c. Both the 136-Mc and 235 - 237-Mc elements

permit pol_rization diversity reception.

The two antenna systems at the Wsllopc CDA station are a Gener_l Bronze

high-qaii_ (235- and 237.8-Mc) multielement array used for TV and IR tracking

(Figure 9), and a Kennedy multielement array for beaco_ and other telemetry track-

ing (136 Mc) (Figure I0), The General Bronze Antenna has a gain of 2q db and the
4
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Kannedy ar,tcnna a gain of 23 db. Both of the antennas provide for polarization

diversity receptiol,.

The a_tenna at the Fiarbanks data-acquisitioE facilit_ is aD £5-foot

p_rab_lic _eflec_or baying approximately 33-db gain at 235 Mc and 2S-db gain

at 136 ,:c (Fi _ure Ii). The system has provision foz poiarLzation diversity

rece_ tion.

Command end Re _dout Ecuil_l_merAEmerAt

Each CDA station is equipped with a comp]ete complement of equipment for

the command, reception, recording, and d_play ef TIROS television, infrared, and

other telemetry data.

DATA UTILIZATION

The data from the satellite are recorded in several formats. All data are

recorded on magnetic t_,pe which can be played back at a later time. The telemetry,

recorded on strip charts, includes housekeeping information such as location of

the satellite, battery power, temperature of sensors, etc. The IR data are pro-

cessed and placed on separate magnetic tapes which are then mailed with orbital

information, calibrations, and altitude. Finally, the data are plotted on maps

or used in computatioF.s of radiation balance, etc. The TV picnure is played

through a kinescope. Pictures are taken of the scope, processed, and _rJnts are

made.

Attitude Determination

Attitude-determination tea_s are located at each CDA station. Assisted by

a digital computer, the tesms detel_..inethe operntional attitude of the spacecraft
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i

spin-axis_ T'hey t,se all available sources of attitude _r their determi_,atio_.

Upon deterT._ination of atti_ud,, _ives, the _n-t_te te_ms prepare iongitud- a,ld

latitude overlay perspective grids to he u_ed in tI,,,TV data analyses.

The !i_al definitive _ttitude is accomplished on a GSFC 7094 computer by

the GSFC _eory and Anaiys[s Of£iL=.
7

IR D:_a Re_uctiop and Arja!_

The ill data are recorded cn magnetic tape at the CDA s,ation. The t,_pe

is fo_,alded to CSFC _here the data are demod,iated and converted from analog

to I_M 7094 digital forn_t. The IR digital data, together with sateiiine de-

finitive orbital and attitude information and calibration data, are processed

on the IBM 7094 compatcr to produce a Final MeteorologY, a! Radiation ape

(nlRT) (bir, a;y).

Me teoro l of_i ca i Anal_.

Each CDA station has meteorologists on site as an integral parr of the

station team who are respo',,sible for maki_g real-time analyses of the fIRCS TV

picture tube. These a_lalyse.,,are transferred to a map chart ip the ior_n o£

graphical identzficat_on of the cloud ele_acnts obsereed. The charts: called

ncphanaiyses, are transmit red by line facsimile $o the National Weather SaLellite

, Ce_.,-er(_SC) by GS_'C. At If_SC, tbe nephanalyses u:,dergo a quality ¢ontr_l check,

a_e _edrawn, and scheduled ior transmission to some 600 reci_ients ever the

high-alnitude add national facsimile circuits. The nephanalyses are retran_-

,,irked from thc._e circu,ts on tl_ewest, east, and southeast coasts to the Far

East, Europe, a_d Souch _.eric_.

In additie_ to the graphic nephanaiyses, _oded teletype nephanalyses are

produced an _he _WSC for t_an'mission ,_ver national and i_tcr:_atJonal weather

teietvpe circuits.

t

=
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In addit_o:, to the graphJL uephanalyses Er_namiss[ol,s, selected _riddad

paotographs are transmitt_.,dby GSFC to the t_SC us ang photofacslmile tquipment.

l_._e phctofacsimile p_ctures art selected _o provide _:amp!e_ ,,f c_rJL'J_,'_!d-,r,?

from which rhu analyses are made aFd to provide complementary or addit;_a]

data to the nephanalyses. NWSC r_t[anamits these p}_otofacsim_le pictures tc

re_ioDal and other weather centers Lhroughout the United States over _hu uc_tloc,a_

_nd high-aJtitu_le facsimile ci£cuit _". l_he r_cipients of [be photofacs[mJle data

include i{onolulu, Hawaii; San Jua,_, Puerto Rico; Anchorage,, Alaska; Sol, Francisco,

California; Hiami, Florida: K zpsas C_%, Missouri; New Or]e,ns, Lo'iisiana; Point

Mugu, California; Id]ewild Airport, ,'_ewYork City; Char_esto._ Air Force Base,

South Carol_<la; P;-t.ick Air Force Base, Florida; and Cape Canaveral, Florida.

Archival Activities

Archiving of the TIROS TV and IR data is the responoibllity o[ GSFC. £he

Fhotograph_c facilities of the C_)A stutions, a special film control oftice at

Wallops Station, .:nd ._SC are u._ilized for film preparati,_n _nd product__eT_for

ar¢:hival storage. 7h¢- finn) reposito, y of TIROS arctllval film is the National

Weather Records Center (N_KC) at Ashew__c N. C. D_e final Meteorological

R4.diat[on Tape is the archival record for IN daE_, and it, too. is available

at the l%q4RC,Asheville, N. C.

TI[<OS Technical Control Center

A tuc'l'nicalcontrol ten'or is lo_=aced at GSFC to coordinate and dir¢_et tnc

operatio:_a] activities oi the project, a_ _,'e]ias to monitor in re,l-time the

, sp:_cect'af:and CDA station fuc,cti,',ns. Requests for data ar_ _'.:c_'ivcd_nd e-

valuates in tcr_,,sof the current ,r _ea]-r[me capat_liti_s, fhe ma_'_etic

,_ttltude-control prog_ar_ _s directed from this heart of the sv.qtem. Usi_g
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all _vaiia_,le information: _be :e,.h_l_ai contr_t _nter establishes the daily

#regret of the saceli!te ant tchedules the C._ station ._ctivities. I_ is here

that a_:j _r_erKency procedures are establ!she_ _nd here exist, the focal poin_

o_ all operational _na!fse_ for future be_e..fi_to the project.

PROJEC_ REb_L£_

Tabl_ 1 _u_-_arizes th£ results obtained _y the seven TIROS s_tell_=es

launched to date.

Sou__"additional results of the sa_ellices are:

TIROS I

De_o_strated the feasibility o£ providlng and Itsing _V

pictures for meteor_logica! ar_lysis and forecasting

Proved ucfli:y of certain type_ of satellite dynarJics and
thermal control

Proved versatility of electronic a_d mechanical com-

ponents
o

Po_er failure caused by a "stuck" relay

._alyses of spin-axes motion

TIROS II

Dee_nutrated feasibility of the IR experiment

Demonstrated feasibility of _agnetic attitude control

TIROS II!

First satellite to be quasi-operational

First satellite hu_'ricane observation

Observed hurricane Esther 2 days before other _tnoda

Developed analyses techniques

International cooperation

' Failure caused by I recorder and I vldicon degradation
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TI'_S IV

Initi_te_ contlnuo_,_ c,verage

Provided ice recc__nals_ance

£upported the Glenn Orbital F]ight RanKes - Antarctic

=,upply

l_proved techniques o = attitude steering

Shutter ci;tuit and tape recorder failures

TIROS V

increased covekage - 60°

Wailure d,Le to "4tdlcon-_hutter electronics

TIROS V1

Still flmctionlng - 335 days as of August 15 - 60..000

pictures

Loss of one camera - vidicon failure

TIROSVII

Northern and southern hemisphere coverage with phase

opposition to TIROS 9-I orbit

Useful llfe of 60 ._.aysas of August 15, 1963

Figure 12 shows a t>pical TIROS picture after the grids have been computed

and superiu_osed on _he picture.

Figure 13 is a TIROS picture of the Red Sea and the Nile, showing the

clouds associated with the jet stream and some clouds associated with mountain

wave phenomena.

Figure 14 is a comparisou between a geographicsl presentation of the Great

Lakes Area and photoglaphs produced by TIROS. The TIROS photographs show clouds

over Southern Canada caused by moisture picked up over the 3rear Lakes.
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Figure 15, another comparis_[_ of _ geogr_ph._cal presentation _ith an

actual photograph, shows clouds over Sicily, Italy, and _he Alps.

Figure !6 _hows the southeustern secalon of the Ut,lted StaZes, primarily

Florida, which is covered by c_ulus or thun@erstorm activity. Tb.o_squall llne
L

exterding east to west oyez the Gulf _f New Mexico would not have been dete_te4

by r_rual means of observation.

Figure !_, the _irl£ag vortex of }{urrlcane Daisy (fourth troplcal storm

%
during 1962) was pho=osraphe4 by T_RDS off _b.e east coast of the ET.It_,d S_ates°

TIROS @_tected all tropical sto1_s in Khe Atlantic and Paclf_c Oceans _'urin_

the first half of the 1962 hurricane seasen.

Figure 18 Js a aerie& of picturus s_ Typhoon Karen in the -_._tllic: taken

on 61fferent days durlng its course from northea_= of New Guinea to Jap&n.

In _Ig,,_e 19, the lower photozraphs are a _osalc of ?icture_ taken oy

TIROS over the eaetern Pacific., the United _£ates, and southern Canada; the u_per
/

chart shews the corresponding cloud dapictlcn after rectification and synoptic

analysi3. __ae clcud s_ructure as seen by TIROS follows the classic description of

cloud'_ associated with a polar front.

Figure 20 is a mosaic of clc _d pictures taken by TIROS on a sing)e day

in the southern hemisphere, illustrating the qlmntlty of normally unobserved

area that c_._ be put under the surveillance of the TIROS weather satellite.

¥igure 21 is a composite of all nephanalyses made on one day from TIROS

passes. On this particular day, five major tropical storms and vortices were

ob_e_'ve_ by TIROS: hurricanes Carla, Debbie, and Esther, a_d typhoons Nancy

and P_mela.
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In Fig'_'p 22, the u_,pe.=map shows thermal Isolincs plotted f_om infrared

data obtained by TIROS; a nept,analysis of cloud cover photography is supe.r-

imposed on the lower map. Since _ne col6er temperat:zes indicate that the

cloud structures are at higher aitztudeg and the maximum c!cud-top heights

represent tbe moat intense development, the infrared analysi_ proves to be

consisten_ with the cloud pictures o_t_ined by 5_IROS.

Figure 23 is a photograph taken by TIROS just before John Glenn's reg.:try

fr_.1his earth erbit. The ar--_ _n;_ieates the point where Glenn landed. This

photograph is one uf many taken by TIROS in support of Project _er=ury.

Figure 24 shows the M_:dite_-ranean, the Riviera and snow cover in the

Alp,. TIROS photographs are be "ng studied to detcrmlne whether these obsdr-

rations can 5e useful _n evaluation of water resources°

Figure 25 _s a pho_ograph of ice cover in the Gulf of St. La_rence. The

large mass cf white is ice, not cloud. TIROS photographs have been used i_ ice

reconnalssancc and in support of the Navy's Ar?Ic Resupply Task.

Y Figure 26 was photographed near the Canary Islands, The cloud patterns

observed demonstrate the feasibility of streamli_2 analysis in the equatorial

area. The numerous patterns lu =he cloud formations show the eddies in the

wind field.

Figure 27 is a TI/_$ photo_r_L taken over Ontario, Canada.

FUTURE TIROS PROGRAM

The current TIEOS has _everal llmitatlons. It is limited by p_er, by

the orbit, altitude, sunlight, and ground st=tions. These limitat_on= In _urn

affect the coverage, the timeliness of data, the _ccuracy and frequency of ob-

Qervations, as well as the _ype of observations. The future program - seven
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additional TIKO_, satellites to be launched -n the nex|: 2 years - is designed
at

t_ decrease these limitations and to contribute to technologies of fai:ure

sa=_llite systems. At the same time as these mission_ aim toward thes,_ goals,

daily observations wil 4. be provided. All of thls will contribute to ::better

' understanding of tne atmosphere and its _'tlon. Advantage is being t_i_e_ of the

dev.=lo_ments in the field of space sad associated sciences, e. g., the. increased

capability of the Delta rocket will allow optimum orbits.

, Specifically, the future program is designed to:

(I) Develop a loc_tl readout capabili=y and L-hereby provide, im-

mediate operational use of satellite da1:a

(2) ll,crease the area of observatlor_ of the earth's cloud cov,:r

and radiation brdget

(3) Increase the frequency =f observations

(4} Increase the accuracy of observations

(5) Develop sens)rs and techniques for a synchronous m,teoro-
, logical eatellite

(6) Develop techniques for more effective acquisition of data

(7) l)evelop techniques for more effective processing and use of
data

4

%_ne next TIROS, TTROS H, will be similar to TIROS VI except that one of

the TV cameras will be the automatic picture transmission (AFT) type. This

0 APT system consists of a wide-angle camera and a transmitter which transmits a

picture _ontinuously as it is taken. Wlth comparatively inexpensive ground-

, station =qulpment., the picture can be received and used immediately for local

analysis and forecast. It eliminates the need to transmit the picture to a

central point and then retransmit to the users. The accur,_cy of weather fore-

cast__,varies inversely with the time of observation on which the forecast is
!
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based. With the APT system, cloud obserwltions wbll be provided to the local

users in minim_n time, •

TIROS I (eye) is designed to increa:.e the area of meteorological obser-

vations and to improve the accura,:y and _esolution of the picture. The space-

craft will be configured in a wheel mode, with camera_ pointing radia%ly from

the spacecraft (Figure 28). After la_nrh, the spacec":aft will be positioned

normal to the plane of "the orb:t, fh_ wheel configuration will res:,ll."in pictares

taken with a mlnlmum _:adir angle, thex+eby of footing g_:eater accuracy.

With the increased capability of the Ik_Ita vehicle, the orbit will be

approximately 82 degrees retrograda_ or _un-synchronous. This will afford

ma)_-imumcoverage of the earth each day within the limitations of camera =.ngles,

About a third to a fourt5 <f the earth will be observed each day with the

total earth being viewed every 3 days, as compared to the one-fifth now being

viewed each day.

The data-aequisltiori fa¢illty at Gilmore Creek, Alaska, will b_ uzed,

allowing acq-i_itlon of a greater percentage of data. Ten of the IA orbits will

be acquired daily,

The TIROS J and K missions will be ai_.d toward developing a capability for

continuous single.+.picture observations of t_e earth. The continuous observation

capability will allow u_ to observe mesoscale and other phenomena which have life-

times that can ba complete between £_o successive oL_er_Tations of the area.

These missions will be eccentric orbits in the order of 300 to 3000 miles and

300 to 22,000 miles. At the apogee of e_ch mission, the cameras will view the
I

entJ_e disc of the earth; in 22,000-mile apogee orbit, they will view a particular

rortion of the earth continuously for 6 hours. 'l%e specifics of the camera and

lens required, the transmitter, ere,, are being investigated.
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The re_:alnlng missions are intended to further develc,p the techuologies _..

associated with the current or _l.anned missions. _

In closing._ I wouhi llke to note that the results of TIROS have been of

direct benefit to eacb arld every, one of us. I do not kiLow _,f anyone who Is not '_

benefiting from weathar forecasts based on TIROS data. _
L

One other n_,te_ The success of TIROS is due to ,_in_ _.ople wlth a will

to st*ecee£ - a combination of people f_om many goverlmm:n_ age,._clesand industry, ._

and scient'ists wox'_ing together with a commoo aim. !_
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I:,gu)e 1 -- TIROS S_acecraft
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Figure 2 - S_o_da,'dTIROS Satelli',e Configuration

1965005887-133



I

1i

1QA_AA_R_ _q_



-, .... I il
, _ ! I ! I

a

r

1965005887-135



/
!

/
¢
f

1965005887-136



" 19650,0588



19650058£7-1.q£



lit

--_ .. , .- "---- ..................... . I|

- i "'. ' °°

t- "" " ! *

., .: ., ° . _:_i¢_l, •P

•' _ -" -, ._ _' "_ , _..,r

2
"' / ....V ' "", <ha " i- - ' ..

. ." , , ::-,,:.:/ \,,

o,
_3 , "" ii

• / z ,

. • 7" .,, . ', .,,;: ,,'i , . -;.'] '. .

"" " . / _-.".- " . . ': , ' /. " '. - , ,"o'..I, '..... ."
_ ,. . . .1_ " 12" - . . . , ,_ , / " '-" . . , ---._**_ . - . ,# , ,.-

_/" " _';- ',' " _, '- \,_: $-"''-,'-" '" ,X:,. , '.,'
' , , , /_ ./ / ,- rt ill ' , , _ _'. II.

., :,/" ' / ,, . - . ,,,,.,_. .. , . , , ;/ '

• ,; /'' ; • " i ,;,1'.' ; " ' • _;, ,'1"--'.' ' i_.-.---/_
• i/ i n .. x ..... _,

" i <, i - _, "

•...t. . ..... ' ./:._.-/ ,,,.-,* : .,.,

Fig_rt 8 - $i_ty-Foo.'-Diamet'e_'Parabolic Antenna, PMR

1965005887-139



• . . , ,

_, .,, I , o .[ \ • ° ,
• _ ° . %.

,, ,"_, .. .:. • , _ , . ; '.-.
._ 4 t.

_ J

" °,'/ "' .-'"_" ", t....-_''. :
X, . .':. ""

• _ "-,,._'-_'_!',._ % '. ..

s s

• " 'I i_.a_

. _- _. , -.,_ "_ ..

[ _ 'I .... - _.'.

Figure 9 - General Bronze MultielQment Array, Wallops Island
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Figure 10 - KennedyMultietementArray,WallopsI-land ,.



Figure ii - Ei_b._y-Five Foot: Pa_abo]ic An_enp.a, Fairbanks

t
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Figure 16 - TIROS Pho._r,,graph Showing S_utheostern Unitod Stat,s
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Fi_._re 23 - TIROS Photo_'aph ShowingFr_do_n Vii I_ct Area

, Figure 24 - TIROS PhotogrophsShowing the Mediterranean, the Riviera, and AIp_

1

,/

1965005887-154



1965005887-155



- .

1965005887-156



# ;

, 'i_ture taken by Tiros Ii on 4 April 1961 with narrow-angle cqmera. [.ocat_orl of picture center ;s

49°N lutitude, 81°W Jongitucle, Photograph covers town of Cc,_chronn_d adi:_cent _reas, Ontario,

Canoda.

Figure 27 - TIROS Photograph Taken Over OnTor,o,_anc_da

i
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THE NIMBUS SPACECRA3T SYSTEM

by

Harry Press

Nation_! AeroD_,_ics and Space Administration

INTR0_JCTION

The Nimbus project is the follow-on to TIROS in the NASA meteorological

satellite program. In Nimbus, a major effort is being made to achieve a global
#

operational meteorologic@l satellite system of great versatility; reteorological

in the sense of earth atmosphere viewing, operational in the sense of providing

global data in real time, and versatile in the sense of a larg£ and expanding

capability.

The Nimbus project was initiated early in 1960 as a N_ZA resea, ah and develop-

menc project. _ team at:NASA's Goddard Space Flight Center evolved a basic pre-

llmina_y design, Procurea_.nt of c_mpcneuts and spacecraft subsystems for prototype

4 flight hardware construction and qualification began in 1960 and 1961; a

separate procurement for construction of the spacecraft zzructure and for integration

and testing of the coT_plete spacecraft began in early 1961.

At present, the design phase is essentially complete and all the individual

systems have completed prototype construction and qualification. Full prototype

spacecraft integration and testing is nc_w under way, while the first flight space-

craft is concurrently being assembled. A series of flights has been scheduled with

the in_tlal one scheduled for this winter.
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The purpose of this paper is to dl£cuss:

The fundamental criteti_ and conditions that formed the basis for

the Nimbus spacecraft design

The characteristics ot the _mcus spacecraft and its major sub-

i

Some of the problems encountered in the spacecraft development

The current status of the program o

t
COMPARISON OF OVERALL FEATURES OF TIROS AND NIHBUS

To indicate the technological advance desired in thp Nimbus progcam, it will

be helpful to compare the overall features of the Nimbus spacecraft with those of

its predecessor, the TIROS spacecraft. Table 1 shows a general comparison of some

of their significant features. In all respects, it can be seen that Nimbus re-

presents a more sophisticated end complex spacecraft. Perhaps the most significant

' features are the choice of an earth-stabilized platform and the polar orbit, This

combination yl_lds the significant result of providing full-earth coverage on a

daily basis in contrast to the limited TIROS coverage. Cther significant improve-

, ments include the use of three _ultiple cameras with higher resolutimn capabilities,

an appreciably larger power supply, and the addition of a high-resolutlon infrared

radiation system (HRIR) to provide nighttime cloud coverage.
#

BASIC NIMBUS DESINN CRITERIA _.'f_APPROACH

' Basic design crltsrla governing the Nimbus spacecraft d_sign are summarized

as follows:

A system design tailored to support _he basic sensors reqaired

, to measure atmospherlc phenomena, these sensors initial]y to

J
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provide television pictures of che earth's cloud over and infrared

radiation measurem6 nts

Inherent £1exlb_llty in the design to facilitate system and sen-

sot modifications and evolution

A ge,_etry and mass distribution that ,_uppo_ts the control system

action

Complete global coverage on a daily basis

System dimensions cad weight compatible with a medium_sized booster

sys tern (_nor-Agel, a)

Long satellite life with a design objective of 6 months
i

Application of current state-of-_hc-art to ensure syst_, "£e-

l_ability and early fligh_ capability

Rapid data acqulsitlon and transmission to pe_mmit applf.catton to

weather forecastlng

Minimum overall syst_ costs per data point

These design criteria and conditions resulted in a concept of the Nimbus

spacecraft that included the following characteristics:

A polar ("high,-noon") orbit to permit eo,3plete earth coverage by

utilizing the rotational motion of the ea1:th; an 80-degree inclination,

retrograde orbit to maintp n the high-noon sun aspect for long periods

A three-axis earth-stabillzed vehlcl_, with po_.t:tlng accuracy of

4,1 degree in all axes and slow (0.05 degrees per sqcond) rotational

_'a_es

A 600-nautical-mile flight altltude, chosen as a desigr compror_ise-

(The TV camera resolution r_quirements favor a lower altltudej while

the higher altitude reduce the number of grouud data-acqulsition stations

:equated.)
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A 650-pound space,craft (design goal), with a primary weight allocation

as follows:

Control system 150 ibs.

Power supply system 200 ibs.
_ and IR _ensors 200 ibs. _:_

Telemetry and ¢on_and system 90 !bs.
...........(tor-_ and truss) 60 Ibs.

A modular approach in space¢raft layout to permit exchange and

evolution of subsystems and s_,nsors with minimum difficulty -- (For

; eyample, the control system is a separate package.)

An S-band data transmission system, as well as a VHF system, co

permit rapid [[ansmission of the voluminous data

The wide use of redundancy to achieve long satellite !ile

The basic spacecraft design consists of three major eiements'

A 57-inch diameter noroidal-like ring to house the basic sensors

and electronics

A hexagonal upper package to house the complete control system

LarBe ( 8 by 3 feet) solar paddles attached to the -ontrols package

by a drive shaft and free to rotate in order to permit direct sun

viewing

Figure i shows a detailed schematic view of the spscecraft layout and indicates

the _ocation of all t_e princlpal systems. Because of booster performance limitations,

all the systems shown and the redundancies will not be flown on the early flights,

It is appropriate at this poin_ to discuss some of the conditions that governed

choice of this basic design, particularly those relating to the orbital and sta-

bilization system selection. D,_tails of _he other major systems will be des< ibed

, later.
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ORBITAL SELECTION AND VEHICLE STABILIZATION

Full sensor coverage ef the earth on a daily basis carl be obtained by an earth-

stabilized _,ehicle _n a polar orbit. This approach permits full _tilization of th_

rotational movement of the earth to provide the primary mechanism for longitudinal

,addition, a small amount of inclination of the orbital plane to the earth's polar

axis introduces a slight rotation o[ the orbital plane due to the earth's oblateness.

By chooszng an inclination of 80.1 degrees to the equator for a 600-nautical-mile
a

orbit, the rate of regressior, of the orbital plane will be _oaghly 1 degree per d_y,

equivalent to that of the sun's mean rotational movement arourd the earth in terms

of celestial coordinates.

The best conditions for earth vxewing are obtained by choosing an orbit-in-

jection time near midnight or noon; this launch time yields an orbital plane that

contains the earth-sun line. Consequently, the satellite will always view the earth

at near local noon om the daylight side and near midnight on the dark side. An

error analysis for the system, based on launch-vehicle performance scatter, indicates

that errors of 1 degree in inclination angle are possible, but will cause only an

18-degree deviation from th_ mean sun position after a half-year.

The choice of this particular or "nigh-noon" orbit has the additional advantage

of simplifying the sun-pointing requiremen: for the solar paddles. Inasmuch as the

orbital plan_ contains the earth-sun line, only i degree of freedom _s required to

proviQe direct sun pointing for the paddle° A sun sensor on the padd]e shaft pro-

viAes the sun attitude which is then used to turn the p_ddle shaft.
#

In order to achieve the full benefit of this o_bit, a three-axis e_rth-sta

bilized spacecraft is considered both necessary and desirable. A long-duratlon

I
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enrth-.stabilized spacecra6t system had not yet been demonstrated but was considered

a feobible objective in the timescale available. It will suffice here to note that

error signals are generated by ho_?izon sensors for the pitch and tel! axes. For _,

the yaw axis, a sun sensor is used for initial stabilization and a r_te gyre is

ub_d t:,t,.._._..¢+_ "fnoct:a_ wheels are used in conjunction with a pneumatic gas Jet ;"
%-

System _o achieve the ]-degree accuracy in stabilization. Angular ranqs are con-

_olled to plus or minus 0.05 degrees per se<ond _n all three axes, a valae which

l
enters directly as a design parameter into the optical scanning systems.

The combination of the near-polar orbzt and the earth stabilization provide

an ideal set of conditions for the I_4 camera system. The camera system consists of

, three cameras; one faces straight down, and the other: two are cocked at 35 degrees
{

to the vertical in the plane normal to the velocity vector. This combination pro-
¢

vides a three..array picture covering 1450 nautics! mileq (latitude) by 450 nautical

miles (longitude). 'l_e coverage is illustrated by Figure 2. Successive frames

overlap b_ roughly _0 perce_t and are spaced at ti,,¢ intervals of 108 secon@s; 32

picture frames will provide complete @aylight erbltal &overage. The next orbit,

displaced about 25 degrees in longitude westward aL the equator, previde_ an adjacent

picture 3f the first orbit, the o_crlap increasing with the distance from the equator.

Using a pular orbit -_Iso simplifies considerably the problem 9f ground data

T "_
_¢_u(sltion. _dea_%y, a single ground station near the north or south pole could

acquire the satellite data from every orblt, but the ].og_scic problems t_at would

arise at a polar station preclude thi_ so].utio_, Instead= the first station is

, planned for Falrbanks, Alaska. Figure 3 illustrates the orbital paths and 'he range

of acqutsltlon for the Fa!rbanks site. The two circles shown cover a radi,,s of

1400 nautical miles and 1200 nautical miles, The circles are the intercepts of a

£
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conical view 5 8nd 10 degrees, respectively, above the horizon from _atrbanks with

an orbital altiruae of 600 nautical miles. If a minim,_m view time of either 5 or

I0 minutes is required for data readout, _0 of the 14 orbits will be covered from

the _00-nautical-mile altitude. Complete coverage of all orbits will require either

higher orblta% altlrudes or additicn_l stations, or both. Current plans include a

ground_ station located close to the northeastern c_,a_L of _^_,,,N_h......A_m_rica continent.

In addition, a higher orbitol altitude is being c_nsJdered for later fllght_. This

combilation could readily provide adequate coverage for all orbits.

Ffgure 4, a picture of the Falrbanks CDA station, shows the 85-foot _racKing

antenna and the buildings h_using the ground-station equipment.

LAb_CH SEQUF_CE

Figure 5 illustrates the taaJcr events in the Thor-Agena Nimbus launch. Tne

space vehicle is launched at PMR at approximately _dnlght in crder to achieve the

desired high-noon orbit. Following firsc-8_age burnout, the Agone is separated and _'

enters a coast phase. First burn _s then initiated and the shroud covering the pay-

)_ad is separated. First burn provides the impulse to place the Agone and Nimbus

into the desired transfer ellipse; once this is achieved, prorulslon is cut off and

the Agone B-Nimbus inters a coast phase. When the Agone-B-Nimbus reaches _he orbital

altitude, second burn is initiated to achieve the desired orbi£al velocity and in-

clination.

The Agone w_ll then be pitched up to i0 degrees off vertical in order to place

th_ spacecraft in a favorable attitude for earth acquisition and stabilization,

and to preclude Agone-spacecraft collisions after oeparation, l_e spacecraft is

th_n separated by releasing the Merman cl-m_ and using carefully calibrated springs "

i
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t,_ _chicv ,_ _ <epar-[ion vulocitv of abo'.,t 5 feet per sr.cond. The Ageua is then

proL-a.-_r, ed Lhrau_h a yaw m_neuver _, nv_id the possibility of a cellision with the

spacecraft. _he _ftcecraft ots_iliz_s in roll ar.d pitch to the desired orbital

att_tud_ _, a_d th_ _,_lar _add!es are unfoldec 2_ort]y after the spacecraft s_F_ra-

_ion. Once these maneuvers _re achieved, yaw control is initi=ted and the space-

-_raig is "_arned to the desirec yaw _ttitude. Complete attitude stabilizati_n is

a_ ieved betere the firs _ pa3s ov=r the F3irbank_- -_ta_ion, and should be verified

%

at that poist.

B:_5IC SPACECR:kF[

Ih_ spacecraf[ consists of two distinct elements, the basic spacecraft systems

a_:i t_,=' s-_-'-orv _ub_vstems. !_he basic spacecraft provide.< the _crv:ces needed By

t_e :_nsor> s-_bsystems to perform their tasks: structure, stabilization, power,

telemetry, :i;zin<: and co.-._and capability. Tnese systen_s will be discussed first;

thor: the '_ensory sT_tem_ will be c,escribed.

Structure

F-_sur,: 8 _hows _he Nimbus structure separated Into !ts majer elements: The

sensory tin%, [he ccntrol box_ the connectin£ truss, and the sol_r p_d£1es. The

du;:,_,_1-1ike m,:=_ distribut_e_ is achieved by a 48-imah separation between the

¢o:,tr,_1 ¢'_,te:% _,:icn weighs a)out 150 pounds, and the sensory ring, which weighs

".l,ct _,_)0pou_:ds. F-_rces are transmitted between the sensory ring and control box

_' )ugh _hree hardpo_nts oe ea_'h body a_:d the ,zounectin.: truss. A Erid1_ke skirt

over part of £ne trurs extunds the ero_narJ _ntenna ground co_.e. During launch, the

two. soi_r paddles a]-e _apt folded lengthwise, along tht _pacecraft structure.
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Figure i gives a view of the sensory cir,_ structure, which is a 57-i_ch toroid

(40-_nch inside;, i3 _nches tall and 8 inches deep. l'he ring contoins eighteen
0

13 _.8 x 6-Lnch cavities to house ele,.tronic modules. The eighteen V-shaped rJn_

separators hoL'se i_sulation -and thermal controllers_ Magnesium was _'hosen as the

basic _tr_cture materia], because of its high _trength-to-weight ratio, and because

of favorable stiffness and dampir:_ characteristics.

A number of advantages accrue from this design approach:

The control sy,_tem is a separate er.tily, both mechanically and

thcrm, lly, rel_ing only on power from the spacecraft. °

The many compartments in the- sensory ring l_ake it earier to _djust

the balance, thereby ma!n=aining the principal axis close _o the
a

sy_e try axis.

A large base acea is available foc interference-free installotion of

• optical sensors and scan,;-_rs.

The cylindrical vol_me within the _enaory ring offers flexibility

in _s..'kagingbulky equipment such as camexas and _ape recorders.

iq_,eaccess._bliz_y e+" the spacecraft center-of-gravity permits

dynamic nesting of the spacecraft by placing !_ on d _a_ !_,-

bricated bearing.

The ontrol system is __asily aligne.i because only thr e po_n_ are

eifected; alignment of cameras within the sensory cyl[.nder and on

the _nse plate is also facili_$ced.

Thr de_iBn does not depend on rigldity offered by structurai members

with_', the sensory cylinder, and flexibility for future chang_q is

thuc preserved.

!
!

|

I°

t
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The relatzvely atgh packing de,_si_- _- _h_ ring promotes _'_edesign

9bjective of an appreximately isoth._rmal ring.

_'_e design promotes execution of t!ne ce_Llng t,hilosophy as aiscussed

in a later paragraph.

The ror,rrc_ ..'vsten__I_ ser,sory ._)s_: _s well _s the solar paddles, are

virtually cLer_,atly i!:dependent ar,c wi_h the exceptiDn of the solar paddles are

thermosta=icaily control._ed. Radiate.on from the spacecraft is controlled by appll-

cation of radiation barriers, and by use of venel:iar-bii_d-type shutte=s to change

the absorpLivity-to-emissi'.-it:; ratio. Shutters are 1oc_ted on the control system

_nd at the eute;- area of all I£ sense-y compartments. The system has been designed

to p_ovide a mea_ temperature c f 25° C -+I0° C with much smaller fluctuation for

,nzny ol the compartme-ts.

Po_-er Su_p_

The solar-conversion po,_ez supply is one of t_,e major service subsystems of

the Nimbus spacecraft. It con_i_ts of a solar array, used to convert the sun's
L

energy into electrical l_o_er, and the electronics equipment requi_ed to store nnd

convert the power into the form needed by the other Nimbus _ubsystems. The power

supply, although closely _ssociated with the design of the spacecraft _tructur_ =rid

contrel subsystL_, _as designed a_ a separate unit to a11ow _or flexibility and

i,,terchangeabi ]ity.

Some of the maior system characteristics a_e:

Regu]ated bus voltage of -24_5v, regulated within +2 perce_t o£

no_ainaI voltage

I
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_ransient response o_ 25 m_croseconds co a 4-amp changing loac

Tot_l system weight of 173 pounds

e

The solar array consists of two h,ne_comb pletforms and transition sections

cl%mped to the shaft of the spacecraft conczu] system (Figure 8). Tne platfo._ms

and transition sections are designed with a high strength-to-;eigh: ratio, usirg

n l-mil (.O01-inch) almlinum honeycomb core m _ial covered _ith a 3-mil (°003-

inch) aluminum foil skin. The p]atfolm has one flqt face for moun_ing solar cells;

thm reverse side tapers from a l-inch thickness in the center co I/4-inc_ thickness

a_ the tip. Total weight of the solar arrqy is 78 pounds.

Each plabform measures appro=:imately 3 by 8 fc_t, Bivin B _bou_ _J_:square feet

of mounting space; this space is covered w=th 10,500 2 x 2-cm _illcon solar cells

to Bather the sun's energy and convert it into electrical power The cells are

wired in parallel and series combinations to form an array with an everage po_-er

output of 400w during the sunlit portion of the orbit.

The basic building block i_ a module, consisting of ten cells connected in

pv'alle! with an output of about 1 amp. at .46v. Eighty-t_-o of these n_du]es are

wired in s,_ries to increase the voltage to abou_ 3_ . This is called a solar coard,

and there are seven solar _oards on each platform. The boards are connected in

parallel to yield a total current of about 12 amperes.

FiBvre 9 shows the solar module, ten cells connected in parallel by means of

beryllfxm-copper interconnccting strips. A 6-mJl (.O06-iech) microsheet glas= cover

coated with suitable filters is mounted on each cell to reduce the heating effects

of those wavelengths of _olar radiatier outside the response r_gion of the solar

cell.
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Temperature extremes of the Nimbus orbit are -80° to 60°C and constituted a J

serious design p_oblem. Du_ing thermal cycies,testing, serious solar cell de-

g:-adation was obqerved.

'[ne solar cells ini[ially used for the - ,=r supply were made by standard

industry techniques; the contacts were formed b/ a nickel film deposited by an

e]ectrolysis nickel-plating pgocess. It was :''.c!ud_d that the degrad'_tion could

not be appreciably reduced without usins _olar _i_ ._,,_secontarts are made by

the mole rel_.a_e sintering techniques. It wa_ _:l,¢reicredecided to switch to solar

cells made with the more reliable sinte_ed contacts.

_he solar-ceil problem was furthe_ comFl_,ated by the creation of the a_.-ificial

radiauion belt in July 1962, be£ause of consi,_erab_e degradation resulting when solar

_=!is _re exposed to radiation. To alleviate this problem, the more radiation-re-

sistant n-on-p solar cells had to be used instead of the p-on-n type earlier em-

_.loyed.

The storage and regulating assembly previ3usJy mentioned conslst_ of seven

identical battery mo@ules (Figure i0) and an electronic control module. Th_ battery

module consists of hermetically sealed uickel-cadm_um storage cells, supporting

electronic protection circuitry_ and an outpet-voltage regulator (Figare II). Two

Jerious prob]ems were encountered during vibration-testing of the module: internal

mechanical failure caused by core movement, and leakage of electrol_lte through the

ceramic-_o-metal seals. The core movemen_ is restrained by use of a crimping tech-

nique, and the electrolyte _s contained b/ applying a potting compount over the

s_al area.

Twenty-three of these cells connected in series form the battery, whose capacity

' is 3.2 ampere-hours at a nominal output voltage of -28v. A plotective charge- curren%
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regulator is provided to limit ,-hemaximL_ amount ol current supplied to the

batterlz.

A number of protective circuits are progided in the regulatlon system. '!These

include a charge-currel_t limiter to prote:t the batteries from being exposed to

currents in excess of 1.5 amps, battery-temperat:_re and pressure sensors to control

:har_ing rates, and over-voltage protection circ_.,[:ry.

Figure 12 shows the spacecraft power demands over a typical orbit. About ![_)

watts are required to support the basic spacecraft _ystems including clock, coetrols,

and telemetry; 40 wa;.ts are required for the camer _ystems, and an additional 150
t

watts are required for interrogation.

Controls

Pe_h=-ps the most sig_'tiflcant feature of the Nimbl._ meteorological satellite is

the preCision of a three-axis closed-loop attitude-com ¢_I subsystem for stabilizat-

ion and control. Figure 13 shows the arrangement of tl,_,.main components of the

control subsystem in the Nimbus configuration, and indi=ates the arrangement of the

scanners, fl:'wheels, slip_ing and shaft, and gas nozzle,s,

The control loops appear in simple block diagram il_ Figure 14. The pitch and

roll contro] loops have con_mon elezaentr,,and the block diagram therefore represents

them as partially combined. Error-sensing for the pitch and roll loops is pez-

forred by two horizon scanners. One scans forward In the direction of the velocity

vector, and one scans r_arwa:cd. Each horizon scanner generJ,tes ._voltage pulse as

St scans across the interface of cold s>y and warm earth. The scanner viewing cone

and the Nimbus/earth space geometry for stabilized -,re_ -11p___.- _.. axes are shown In

Figure 15. t
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As indicated in Figure 15, the f_eld-of-view of the hoczzon scanners is •

approximately 3 x i0 degrees; this scannin B aperture is rotated at 16.2 cps about

an apex angle of 90 degrees. Scanulng is acc)m?li_hed by a rotating prism; energy

' transmitted through the prism and associa,.=u scanner o_t_cs is focused on a holometer.

The passband for the optics is 12 to 18 microns: wlch p_k i-e_pon_e at 14 ._Jcrnnq;

corresponding to "-heCO2 absorption hand of the earth's atmosphere. The sc_,,_.ing

actlc" generates a voltage pulse once per scan; this pulse, processed through the

computer, serves to establish the pitch and roll _,_ition error, Pitch error is

measured by the difference in pulse-width of the front and rear scanners. Roll error

is determined by measuring the position of the pulse with re_,__c_ to a body-aligned

reference; a magnetic pickup positioned in the scwnner housirg _enerates a refer-nee

pulse which will ._-effect bisect the scan pul, when the r<ll-position ekror is

zero. A pulse from either the front or the _- scanner _ thus sufficient to

establish roll error,

Operation of the pitch and roi._ loops is simi!_ il, dortion of the loop

used for prucessin_ the error signal. The error signal _ passed through a le_,_

_ network which generates rate infermation for use in stabilization. A combination

of position and rate error signal is fed to the pneumatic aud flywheel control loops.

, For large error si_nalb, the control torques are provided by f_ring the pneumatic

jets; for small error signals, fine-control torques are provided Dy the fl_dheeis.

, These flywheels, of wh__ch there are three (one each for pitch, roll, and yaw), are

motors whose s}Jed ig a func_;ion of the input voltage and generated torque. Torques

which accelerate the flywheel alsc accel::rate the vehicle, In sums.sty, the pneumatic

svscem serves for coarse control, and the flywheels for fine control; the pneumatics "
!

also serves to unload the flywheel momentum which is u_,ed for momentum remocal when

flywheel speeds approach saturation.
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As indicated in Figure 14, the yaw loop has two mod_s o£ control. The first

is the coarse sun,.6ensor _de, normally used orly during initial stabilization.

Briefly, in this .mode, the yaw position error is determined by the yaw coarse sun

sensor with a 360-degree fleld-o_-view in yaw and a +?0-to-40-degree fleld-of-view

in p_tch. The response-characteristic o! the coarse sun sensors is such that by

means of the control loop it will attempt to drive th_ negative roll axi_ Lo --_-"

towacd the sun; this is the orientation desired for yaw. As shown in the ys_--eontro!

loop, the erros sensed by the coarse sun sensor is processed as an error signal

through electronics, pneumatics, an4 flywheel similar =o those used in the pitch

an_ roll loops.

The second mode of control for the yaw loop is a_ integrating gyroscope used

in the rate mode to sen_ yaw er':or. An error signal is generated when the gyro's

input axis is rotated. "_Le input axis of the gyro is aligned in the roll-yaw plane

so that is _enses the componen= of orbital pitch rate due to a yaw error. Although

the gyro senses any roll rate, these rates are nearly zero after initial stabilization.

The actual aligna_ent of the g-.ro input axis also results in a slgnsl proportional

to negative yaw rate which serves to stabilize the closed yaw loop.

The three control loops (the pitch, roll, and yaw loops) serve to control the

attitude of the body axes of the satellite. The fourth control loop, also shown

in Figure 14, maintains the pcsition of the solar array perpendicular to the son

for maximum interception of solar _nergy. When the vehicle is in a _&_-nnon orbit,

with the earth-sun axis in Che orbital plane, only one axis control_Is necessary to

drive the _olar array about its axis. (In case of poor orbit conditions, gro, nd

cormmands yaw th_ vehicle for optimum solar-energy collection.) Two solar-array

sun sensors, similar to the yaw coarse sun sensors, generate an error signal

prcpcrtional to the pad|le misalignment with the sun; _he amplifie' error signal

/

1965005887-176



, XVII -16-

energizes a two-phase motor, which through a _e._r reduction drives the solac drive °

" shaft. The _otational r lte for the solar array corresponds to the orbital pit_.h

rate, and only lew shaft epeeds are involved. Included in the solar-array position

loop are provisions for driving the array while the satellite is in the earth's

umbra.

_^_L,_de;,e!epme_nt nf the control system, perhaps _he most dlffi_ult in N_mhus, has

been plagued by a number of serious problems which now appear to have been resolved.

The most serious problem was the d_=velopment of the IR sensors foc _ttitude measure-

ment. The high precision required could not in fact be achieved for all sky con-

ditions.

Clock

Presen+.-day tza_!:ing system_ ouch as the Minitrack interferomcters can fornish

informatlon about the satellite's position in space with sufficient accuracy for

the task. A time reference for satelli_e events is required to relate the e_ents

to orbital position. Quartz crystals now being produced f,r crystal-stabillzed

oscillators will perform with an accuracy of 10-7 at frequencies about 1 mcps in a

thermostatically controlled environment. If _et at Jaunch. 6 m_l,ths later the clock

will be 1.6 seconds off; a clock reset capability is therefore included.

A 800-kc ag=_ quartz crystal is a scale@ gla,s ccntaln_r was chosen and is

heated by a coil to 60°C. A regulator maintains this temperature at very close

range. This frequency is then divided by a chain of multivlbrations to the series

i

of frequencies required for the spacecraft: 400 kc, 50 kc, I0 kc, 500 cps, 400 cDs,

and i00 cps.

Both 50- and lO-kc signals ar_ amplltude-modulcted with the standard Nb,_A tlme

' code. The code has a frame rate of one per seco,ld, and uses a blnary coded decimal
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sy3tem. Nine &-bit groups are employed (for seconds, tens of seconds, minutes, tens

of minutes, hours, tens of h_,urs, days, tens of days, and hundreds of days). A 2-

millisecond pulse is used for 'zero" and a 6-millisecond #,al'_e for "one". Zeros

are interlaced between groups s_ that an average !00-pulse-per-second pulse rate

results. The code is generated by a small computer which uses a magnetostrictive

delay line as the temporary storage element. T_ timing code then __4ulat_s the

two coherent carriers, 50 kc and I0 kc. The 1o,_er frequency of the two is radiated

continuously through the beacon.

The availability of a minimum computer in the clock suggested the use of
u

certain logic cgmpenents for the secure command system which naturally cannot be

described here. Two receivers connected in parallel, with Jail-safe isolation

#

cl_.'cuitryto implement redundancy, receive binary-ceded signals ana feed the command

logic. The timing is arranged so th&t approximately 30 commqnds can be given on

. an average pass and up to ]28 different cormmands can be transmitted in iota I. In

case of clock failure, unencoded commands are available for zelemetry interrogation

for purposes of anal/sis. ?.

Te leme try _!

A spacecraft as complex as Nimbus mus-. transmit a multiDllcit_ of engineering-

type data to permit -valuation of its proper functioning in space. Fot e_ample,

it is necessa_'to know the performance of the horizor _canDer in the control system,

the glrros, inertia wheels, the _tatus of the power supply, and many others. These

data 8re required to establish the validity of the scientific measurements and re

determine improvements for future designs.

w

Per thi_ purpose two systems are provided: one reco:ds information over the

entire orbit and plays back upon command, the other provides only instantaneous data
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• upon co_,mand. Both systems use pulse-code modulation because of the generally re-

cogaized adv_n=ages of digital systems. A 7 bit cede and a maximum frame rate of

I per second were chosen. T_ the: recorded telemeter, wblch shall be referred to

as the "A" telemeter, a frame conblst_ of 64 words and each word _,f 7 bits plus

a word sync bit. A total of 544 channels are available with facility for some

extension. Two of the channels are required for frame 8ync a_d subcommun_aeiun

8ynC.

500-pulse-per-second rate was chosen and is supplied by the master clock.

In case the clock fails, it is replaced by a tuning-fork oscillator on unencoded

'_- ground command. A coherent 500-cps subcarrler is modulated by the _oder output

an4 recorded on an endless loop recorder. The 240-foot ta;. passes the tingle re-

cord/playback head at 0.4 inches per _econd. Upon r,armand to play back, p.wer i_

applltd to th- playback motor which drives the tape through ar appropriate drive

mechanism at 12 ips, thirty t_mes faster than the record speed. Th_ 500-cps sub- *

carrier is now converted to 15 ke, covering a spectra] bandwidth from very low-

frequenc_ componencs up to 30 kc. ,A,_ one _f three signals, time, e_lemeter A. or

. (as _o be explained shortly) telemeter B, modulate_ the 300-milliwatt b_acon-

transmitter to 80 percent of amplitude. Telemetry must be provided especially when

the spacecraft malfunctions, and thls requirement makes it mandatory that the

antenna design does not rely on spacecralt stabil_zatlon. In spite of the unfavor-

able configuration (the body is in the oreer of one wavelength), & pattern was
%

a:h_eued with only one null dependent on the position of the solar paOdles.

Many data points are required only once per orhi_ and _t an arbitrary tlme.

These data are transmitted through the B telemeter which _ransmit_ three sync words

J

and 125 channels in sequence. Again a 7-blt code is u_ed with a word-_ync bit.

L_

!
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The clock :'aLe derived from the master clock is 10 cps, _;o that the entire puls-

_t%r
etrain is transmitted I_ _....8 D_conds. It nwdulates a 500¢_-cp_ ooherent carrier

in its phase 180 degrees (phase-shift-keying), which in turn is transmitted through

the beacon by 80-percPnt amp]it,Jd_ modulation.

SENSORY .qYST_2_S

Television

The cPoi,ze of television-system parameters i_ irfluenced by n,any considerations ,'

such as linear reso_,uLiu,,, maximum tra_srn_lon time per pass, bandwidth, u_ orbit

chacacte_i_tic. Careful study of the inter-relations and trode-offs lead to the °

present set of choices.

The three cameras, as previously mentioned, use l-inc vidicuns with 800-1ine
t

resolution. The size of the resolution element is ½ m_le for the zenith to approx-

imately 1.5 miles at the corners _or a 600-nautical-mile altitude. The three cameras

are driven by a common timer which provides the p_cture sequence. The advanced 91di-

con camera subsystem (AVCS) prototype is shown in Figure !6,

A 40-millisecond exposure time is used and the signal is scanned by the electron

beam of the vidicons for 6.5 secends for the entire frame. Separate ioc"l oscillators

ar"e frequency-modulsted and recordea on separate tracks of a double-reel tape recorder.

7% fot,rth track records a continuous timing signal so that picture-exposure time can

be i'; ntified. Sufficient tape is provided for recording 64 pictures (or two orblts)

which can be played _uk in I0 minutes. Fewer frames require less time, allowing

the control center to use p_sses with less receiving time. !

Compensation for the reduc_.d light level for sun angles less than 90 degrees Js

acco[,:plished by a variable it:s, the setting of which is derived from the golar-

paddle shaft _
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Major c_arac¢eristics of the AVCS design and the measured characteristics of

the prototype AVCS svste_ are s-m_mazized as fo]!ows:

Characteristics of AVCE desIKn:

Lens=focal length - 17._m

o
Field oi view - J/

Tr'.__r_-_.&onfield of view- 107°

Shutter -douhle b_4ed focal plain

Shutter speed - 40 ms

Continuously variable iris f/4 to f/16

Dynamic ra_ ze - minimum brightness 14-foot lamLert at f/4

•- maxim,_ li,40C.[cot lambert at f/]_6

Measured characteristics of AVCS pro_

Brightness ratio of 32:] (I0 gray scales) r

60-ke video bandwidth

b._ see readout

9_ _e¢ hetweeD frames

Limit,ng resolotion 723 TV lines

;,inearzty 0.5 perqent

Store_ 3_ p-. urea rer orbit

Grounu resolutJ_n ½-mile per TV l.ne

A dxcectional antenna was chosen to cov_r approximately the terrestrial view

an_le _r _rnzath the satelllt=_.(122 degrees) and the largest possible c_'ans-

t, "i jr t .l._'leo
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Upon g_.ound-station command, the tape recoraer plays back, and local oscillat, rs

convert the four subcarrier-modulated signals to other band_, _hus retain S a treqvency-

multiplexing spectrum. 'fht composite signal ._c,4iate._the frequency of a 1707-HC

-5
5-_att transmitter +[,5 Me, the center frequency of which is held stable to _0

b) using a crysL_,i .,_o,._,,,_..,;-'_'-_,_-......_',a feedback loop. The trans.litteq signal will

be received and processed by the ground station at Fairbanks and transm[-ted back

to Washlngcon, D. C. by mi_rowave link in re-;i $ime for appllcatlon tc _'eather

fore cast in?,.

AutomaLic Picture Transmission System

The seconu TV camera system to be carried by Nimbus is the automatic picture

transmission system, perhaps the me,st useful m_._eorolo_ical system providing direct $

pictures to local users. The automatic picture transmission system (APTS) is com-

posed of a satellite camera and transmission subsystem, and a ground-station re-

,-_eivin%and recording subsystem.

The sa_elllte camera and transmission sub!ystem* is a storage _idicon system

capable of long-duration storaBe and aver> =low readout rate. It takes wide-angle

pictures from a satelllte and transmits them in real time on a very narrow in-

formation bandwidth to the ground station for roLcrdin_ on facsimile eq._ipment.

The ground-station race.lying and recording subsystem** c_nsists of an antenna,

receiver, and facoimile equip,_'ev_which is relatively simple, inexpensi.;e ($30,000

per statlon), and appropriate for wide distribution. Thus, the flight-ground system

* Designed and fagrlcated by kadio Corporation of America/#.,tro-
Electronic_ Division

** Designed and fabricatod by Fairchild-Stratos/Electronics S)stems Division
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is well suited f_r _pplic_tion to local weather obser_,ation and fv_e;ast_ _g
I*

applications. A_I major weather s_ations can be expected to have these stations

in due ti.ne.

The spaceborne svsteE (Figure 17) consists of optics, including the shutter;

%

a l-lr_ch electrcstatic-storage vid[¢on cameza; =nd a telemet'cy-type FM transmitter

for reiayin_ video signals to ground stations equipped with an }_ re,ceiv__"_nd fac- .=

simile-recording equipment. -

| l'he camera is programmed for continuous cycles of prepare, expose, and readout. "

The i_r_ge is projected _ the storage vidicon through a 108.-degree le_.s; the exposed

picture, stored _lectri_-alty in the insulating layer of storage vidicon target, is

then ave;table for very slow readout. During re_;dout, the transmitted narrowband

video signal is ._icked um by the ground-station antenna and ted to the receiver,

which in turn feeds it to an automatic_lly phased facsimile recorder.

The lens is a Tegea Kinopti¢ 108-degree f/!08 lens with _ focal length G_ 5.7

millimeters. Optical exposure is through a double-bladed _hutter operated by two

solenoids; exposure time is 40 milliseconds.

Once this subsysten} is turned on, it operates :ontinuously throughout ehe day-

light portio_ of each orbit, reaOing out o:le pier,ire every 208 seconds. Sig:_al-_ _rom

n_gh., and turn it on again at thethe day-night switch turn it off each orbital " _ + "

• beginning of each orbital "day."

When the shutter is triggered, the image is pro lecned on the photoconductive

' layer, after which it is electronically "develcped"; that is, it is transferred to

a polystyrene storage layer. This occurs during the first S seconds of e_ery

picture sequence. During the r,--m:_ining200 seconds, the p_ctuze infor_nation is read

, o,:t a,. a scannir_g rate of 4 !_,_es per second.

.0
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The out.ut cf the _:ransmit_er is fed to the Nimbus APT antenna mounted on the

surface )f the _pacecraft which fa¢es the earth at all times. _he antenna produces

a lin_arliy polarized radiation pattern_ so that the satelllte-antenna ground-

antenna relationship L=mains constant.

On the _round, the signal is recei;ed by a relatively simple antenna and is

processed by the FM receiver and the facsimile recording equip:uen[, prodocing a

reai-tlme _l_udcover pictdre for the locale of the particular ground station.

_he _equence just desar_bed ab_e_ automatic receipt of a picture sequence

fzom the beginning of the 208-second frame. It is more likely that the satellite

will come into view of the ground station at h_me time afte_ the first _ seconds;

however, as Eoon as the satellite signal is detected, the faxsimile mnchine can be
c

started and phaEed manually so that the maximu_ arm)unt of informatio_l may be ob-

[ained. This should _esu]t i_ at least Lhree pictures during a pass over the ground

station. At an olbital altitude of 500 nautical miles, each picture will cover a

ground area of approximately 1050 by 1050 nautical miles, with a north-south over-

lap of 300 caution! miles between adjacen_ pictures.

The system has a l_nearity ,3f 0.5 ptrcent add a resolution of approximately

700 lines, based on the pictuze printed out on the facsimize recorder. Sensitivity

is 0.7 foot-candle-seconds for highlight brightness (,,hitest white). The cuuoff

poil,_ where noise is the influencing factor is 0.03 font-candle-seconds. The si?nal-

to-noise ratio is 26 db, and approximately seven shades of gray are observed _ith

a change in density of 0.12 per s_ep.

N_mbus gadlomet_

"i_o _¢anning radiometera have been designed for Nimbus, t,_e raedium-resolution
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infrared radiometer (MRIR) and the high-resolution infrared r_diometer (HRIR). "

The MRIR is sho_ in Figure i8. i_e scan-mirror drive motor, _he scan-mirror,

the reflection of three of the five telescopes, the preamplifiers, and the chopper

moto_ are visible; the _lectronics module is not shown..

This radiometer mea_ure_ _,4_ted infrared and ref!Pct_d solar radiation _n

_Ive spectral regions, using thermistor bolometer detectors, The spectral regiens,

and the reasons for selecting them, are listed in Table If. The spectral regions

are similar to those measured by the TIROS five-channel radiometer. The 6.6-7.0-

micron charm=i, covering an intense water-vapor or temperature oistrioL,elon above

the cloud tops. The 10-1i-micron region _es within an atmospheric window and is well

suited for determining gurface 8nd cloud-top temperatures, or cloud-top heights.

The 7°5-30-nlicron channel will be used to determi,,e the total radiant emission of

the earth, l'wo visible-light channels are also included. The 0.6-0.75-.mlcron

region is th_ mo_t transparent portion of the vislble spectr_; this red end of the

visible spectrum is less scattered by the atmosphere than the blue portion, lhis

channel can he used to _easulc clcudcover during daylight, and can serve as a com.

parison to the teievisi¢,, measurements. The 0.2-4.0-micron channel spectraily en-

¢<_passes about 99 percent of solar radiation and is intended to measure the earth;s

_]bedo (reflected selar radiation).

Scanning is accomplished similarly in bot_ cadiometer_; they scan the surface

of the earth in strips per)end_cular to the orbital Lrack. lhe optical axis _ in

0

the d_rertl,n of the subsatelllte point, and the s_anning _ate_ and fields of _,iew

are chosen so thlt subsequent scan paths overla@ reasonably well a£ the s_',q_ee11_te

point. The width 9f an individuzl fcan path, as well as the amount of over]_, in-

' creases considerably toward the horiz)n.
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The MRIR scae,ner consist _ _sseet_]ly of a scannin_ plane mirror orlented at

45 degrees to the axis of _otation, a Cas=cersini;:n telescope for e_.h channel, a

#

chopper to modulate the incomi% radiacib._ _._ one detector per channel. The de-

tector "sacs '_the difference between the radiation from the target and that from

_h_ chopper di_e, whcs temperature mus _ be measured and teleuetered. Four of the

channels have light p_ es between che chopper and detectors to converge the beam

onto the tiny bolometeL. There is no light pipe for the 6.6-7.0-micron channel

which, for gr_._ter optic_l gain, uses an i_rsed 5olom_ter.

Both the MILXF.and ]{RIR _ill have a calibration check in orbit, which _s a

significar_t improvement ove__ t:he TIEOS system. For b:_b radiometr_rs, the sp_ce

scan will serve as the zero £eference, add during each scan a housing target of

k,town temperature is seen wbich will serve as a second calibration point for the

infrared channels. The tempera_uze of this target must be telemetered. The sun

will be the _'arget of the secor_d calibration poiLt_ for the two solar-radiation

channels. This point will b_ measured once _uring each orbit when the lower portion

of the spacecraft is expcsed to direct sun]ight.

The MRIII instantaneous fleid-of-view is about 2.8 degrees w:_ich, at 600 miles,

.o responds to a 30-mile linear resolution d_rectly below the vertical. It scans

at ;.9 rl_m and ha_ a_ i_formation bandwidth of 8 cps. Total power consumption is

7.2 ,att_ and the total weight, including the electronics module, Is ii pounds.

Fig_:e 19, _ block diagram of the M}LIK subsystem, shows that the red!ouster

output is fed into a volta_e-_zontrolled oscillator (_CO), the output of which is

pat on tape along with a 500-cps time-reference s!g_:l _ro_ the .-mater clock; the

: figure gives the freqaene_ range of each of the five VCO cha_nels. On playback

(at a speedup ratio of 1:30) the stored information is transmitted via _r,FM

l
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transmitLer to the ground station, where it is stored on tape. Real-time application

I
of the window-channel data may be possible in plotting cloud maps with associated

cloud-top height_. Full data processing will be performed in Washington, D. C.,

using equip_ent similar to that used for TIROS.

The single-chennel RRIR is shown in Figure 20. This equipment will be u_ed to

.... _- "m-,o cylindricalmap uightt_me cioudcover and cloud-top temperatule_ uL ,_=_ .........

projection shc_vo at the right hold_ the motor which drives both the _can mirror and

the _.npper. _e white collars are sunshields; the scan mirror is visible between

them. At the bottc_ left i_ the rectangular pyramid used tc cool the detector by

radiation. Cooling by liqaid uitrogen or cryoBen!cs is not feasible on Nimbus. The

radiome=er elecEro_ic items are located around this pyramid. This radiometer uses

a pho_:oconducrive lead _elenlde (PbSe) detector operating in the 3.4-4.2-micron

region, which is considered reasonably free of a_mospheric absozption. The HRIR

has an instantaneous field-of-view of 8.6 milliradians, which ot 6cO mile_ corre-

sponds to a linear resolution of 5 miles below the vertlcai_ The fleld-of-view,

origin_lly 2.8 _r, was fhanBed wher test_ _howed that the radiometer _as not

sufficiently sensitive.

TIROS _.easurements indicate that the equivalent blackbody temperature of a

cloud can frequently be a_ low as 200°K, and the field-of-viev_ was opened up to

' permit detection ot _hese cold clouds. The scanning rate of 44.7 _pm was chosen

so that the radlcmeter wc_Id make one complete scan during the time required for

' the Lateillte to advance the width of one line on _he ground directly bulc_ t''_

vertical, at a 600_mile altitude.

_he total weight of _he HRIR is ]1.3 pounds, and it draws approximately & watts

of power. _he radiometer _otor, _#hich =onsumes aboue 1 watt of power, will _e on
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continuously; however, the electronics equipment will be turned off during, the

daylight h_urs by ,oeans of _, day/nlght switch.

A tape recorder, almost identical in design to the television recorder, re-

co_ds the signal at 3.75 inches pec second. A four-track head, similar tc the

TV camera recorder, is Jsedo One track receives the radlomecer si_al; another

records the 10-kc timing signal fcom the "3aster clock. When one tape reel ts fully

unwound, the movement is reversed and the aignals are mwitched to the romaining two

track_. _he recorder continues co record until the reel _s emply again and then

stopldd by a limit switch. For tran_mission_ the tape speed is increased eight-

fold and all tracks are also applied to fovr heads _n-_Itaneously. Local oscillators

and mixers geneLate a frequency-multlplexing spectrvm.

Both television and HRIR tape recorders carry momentum compensation motors to

reduce spacecraft disturbances,

The composite frequency-multiplexed signal _s adaed a_ part of the composite

TV signal and transmitted th;ough the sa_e transmitter. Design principles of FM/

FM telemetry s)stem have been treated exhaustive['y ;n the literature. It may uffice

to state here that all channels have adequate post d_teetxon signal-co-no_se ratio

so that the limitation is the de=ector Itself; e.g., thu vidlcon or the lead selenide

transducer.

_'ull earth coverage o_ the earth's IR transmlssion should provide a new and

fundamental atmospheric 9arameter for detailed stud) and should lead to new uDder-

stand_ngso

Weight considerations necessitated the removal of one of the r_dlometerJ from

the first Nimbus. The choice was made Lo fly the HRIK, becs,,se It will photograph-

ically display nighttime clot'd cover with comparatively high resolution, which was
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felt to be of great immed_a£c need. _nic radiometer also contains some unique

lectures, such as a radial:ion-cooled detector, which it was desired to test in
;

orbit.

OPERATIONAL GROI_D STATIONS
l

>
J

Operational ground _tations consist basically of a receiving antenna, pre-

amplifier, _M receiver, and _acsimiie recording equipment. Auxiliary equipment

for each staticn consists of a test sl_nal source and a facsimile test set.

The ground antenna (2igure 21) is an 8-turn helix_ 14 feet long and 27 inche_

in diameter, with a ground plane 72 inches in diameter, it has a bean_idth of 34

degrees at the half-power points and a gain of 13 db.

The _edestal contain_ the positiun motor drives, gearing, position synchro

transmitter, and limit switches. It is capable of 720-degre_ rotation from st_p to

_top in azimuth, aad !80-degree rotation (horizon to huzizon) from stop to stop in

elevation. Total weight incluaing antenna counterbalances ia approximately B50

pounds.

_ne position control and indicato_ units located in the ground station console

(Figure 22) provide independent rate control of both azimuth and elevation and

continuous display of the antenn .... sition.

The preamplifier, mounted o_ the antenna pedestai, aL,d the receiver, located

in the console, are standac4 "off the she!i" equipment. 1_e preamp is a two-stage

RF amplifier with a 5-Mc passband and a gain of 22 db, the latter required to com_

pcnsa fe_ losses in the RF cable when the _ntenna and the receiver must be loested

some distance apart. Maximum _eparat_on can he i000 feet wi_h the presenz cable.

I
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The FM receiver zs cry_=tal-controlle_ _rom 130 to 140 Me, with a seco:Id

osc_llator vernJer _ontrol which allows tuning across 150 ke on either side of the

cperating frequepcy. _ne receiver has a sele¢table b_ndwidth of 50 or 100 kc.

f
The presence and condition of the input signal can be determined both aurally

and visually, as the unit has a speaker an_ four indicators: signal strength, tuning,

video output, and deviatiun.

Ihe facsimile recorder, a modified version of t_e Fairchild Camera and Instru-

ment Co. Scan-a-Fax, is a helix and writing-blade-type machine, usl._ _lectro-

sensitive (wet) _aper and forming the picture by deposltin_ ions on the paper. The

machine operates at 240 rvm with a reso_.ution of i00 lines per inch, has an aspect

ratio of 1 on an 8-by 8-inch format, and will produce ten shades of gray _arying

from black to white. The unit will _tart and phase autumatically _pun ceceipt uf

the 300-cps slart tone and the 5 seconds of phasing pulses fr_u the satellite

equipment, or it can be star_ed and phased manually.

The characterlstLc of direct real-time picture transmission makes thl8 system

- partieular]y attractive to local users for short..range forecaxts and aeronautical

operations. It should find wide application.

PROGRAM STATUS

Now that we have described the _imbus spacecraft and its subsystems in con_

siderable detail, it is appropriate to review the status of the system developmenL

and note some of che major deveiepmental problems encountered. As no_td earlier,

foliowing preliminary design, development and hardware construction _ontraets wer_

entered irlto late in 1960 and early in 1961 for all major subsystems. A separate

integration and test contract was also entered into early _u 19£1. In the 2-%

O

i r
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years since that time, tremendous effort has been exerted to b.-Ing the Nimbu_ , v

spacecraft IDto reality, and, althouRh _ zumber of delays have been encountered,

significant progress has been achieved, Ac_ _evemen_:s to data include these sig-

nlf_cant miles tones :

Breadboard construction and tcstlrg of all subsystems

CoDscruction o{ preprototypes of atl subsystems, for electzlral

and mechanical systam testing and proof

_onB_'uction of prototypes or all _ubo 2 ....... _nd demonstration

of satisfactory subsystem perfor_mnce

Environmental qualification of all subsystam_ in a rlgozous

test program which incl_de4 acceleration, humidity, and vi-

bration and vacuum thermal tests

Oevelop_nent and construction of adapter and spacecraft sepa-

"['atlon system

Constructlon_ testing, and integration of all ground-station

su_sys tems

Construction and operational readlnes5 of Falrbanks command and

t

data-acquisitlon sites

Integration of the prototype spacecraft, which is now in full _

swin_

Construction of inltlal fllgh t hardware fcr all subsystems_

already completed on most subsystems, with only a few sub-

syste_.s I'_ifinal stages of construe=finn and qualification

With these milestoues accomplished, the tasks remaining before the first flight

, are confined to o._mpletion of the pru_otype environmentll quallficstlon and the

Im .

I
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assembly and qoalitlcatlon of the first spacecraft_ These _ask_ include full

spacecraft system testg on an air bearing in a large vacuum-tbermal chamber (Figur_

23) when full flight simulation will be ae_on_trated for s,mcalned operat_Lg periods.

Hopefally, these remaining _asks can _: completed before ne\t winter and the first

flight can be undertaken.

Table III st_m_rlges some of the n_Jor design oDJectlves_ showing wha_ ha_

been possible to achieve in the actudl flight hardware. In mose respects, design

objectives in regard _o p_L£or_mncc have been closely approximated. Spacecra_ +

weight however has increased considerably over the original design objective of 650
G

pounds, and the fell initial configuration wculd now weigh in excess of 900 p,,unds.

Because of launch vehicle iimltations_ early flights will carry a reduced space-

craft config,_ation lacking the redundan_ sensors which are desirable for long life.

Use of the Thrust-Augmented Thor on later flights will permit a fuller payload.

The remaining design objectives were largely achieved, with V_o significant

exceptions: Detailed studies indicate that the desired !-_egree pointing accuracy

cannot be echleved under all weathe_ conditions, because high altitude and cold

clouds may _ntroduce errors of as _uch as a few degrees in the altitude sensing.

This llmltat_on, however, is not co_Jered serious. Also, the full design object-

i_e for the resolution of =he HRIR could not be achieved in the initial [ :ototype,

and _ cot,promise to 5 miles resolution was found necessary_ Later de_igt_s should

per_nlt some improvement, however. In total, the initial desIRn ob_ectlves for

the sur,sys_em appear to have been met quite well; the remaining task involve onl-/

the s_,ccessful integration _nd qualification of the full spacecraft.
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DATA FIOW

Before _los._ng, I should like to desclibe the da_a __low tr_m tAc _imbus sat_,i:ite.

Figure 24 iilustrate_ the flow of data fr_m the satellite in f_.ight. Once per orbit

h_ satellSte will b: interrogz_ed from the CDA site and the d@ta transmitted to
%

the ground. On the ground, t'.'.edata will he processed and transmirtea by ::lard,age

link to the Technical Control Center located at the Goddard Space ;tight Ce_:ter.

Engineering and research data will be transmitted to God'.a_d for rFal-ti[:e s'_,ace-

i craft evaluation and fGr scientifiu a_alysis. The cloud-picture data and, if

feasible, the infrared radiation data will be transmitted to the Nation_! Weatner

Satellite Centez of the U. S. Weather Bur,:au for incorporation into the de" ly

weather forecasts. The c_n_plete coverage ..a • ._L,_ the zegu!_1_'_ of service pzo_.sed

by the Nimbus system should, in thc long ru.-, co,"stftute _ real 5_n tu weather

forecast ing.

CONCUmI_ Rm_UhKS
f

The foregoing remarks have described the Nimbus space%left sy,_tem and its

development status. The initial development of the Nimbus system is now drawlng

, to an early conclusion with the first flight hopefully only months away. A large

and versatile spacecraft has been developed with some attractive initial meteor-

ological sensors, AVCS, APT, MRIR, and .LIKIR. Basic spacecraft s_stems of con-

sldel'able refinement have also been developed, Flight test wi!l demonstrate the

extert of our achievements, "l_aemeteorolog_cai mission in space is clear and
t

attractive as one of the focal efforts in the space program.

Many of us feel that this mission w_ll find its most glorious fulfillment

as the Nimbus _yatem evolves with new sensory developments and with lmproved
i
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, basic spa.-'crefr sy_te_s_ _e thi_ tied, we hope we can r_!ly a lar_er sharc c-f

the nat_o_e_ a_=ronauti_al =alent. We welcome your co_ents and contributions.
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J-L,

Table I

Comparison of Nimbus and TIROS

R |
TIRO3 NIMBUS

Geome try Pili box D_bbe! !

Wei_,ht (Ibs) 300 650

,, Orbital altitude 380 600
_au_ical miles

Orbital inclination 48° e_uatorial 80° polar, z-_trograde

Stabilization Spi_-_tabilized 3-axe_ earth oriented

Earth Coverage I0 t'_ 25 IL0

Camera Raster 500 lines / frame 800 line_ / frau_

resolution (miles) I

l_xlmum power 20 400

available (w_t ts)

ZR sensors (resolution, V_RIR (30) MRIR (30)

miles) lIRIR (5)
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Table II

Speecz°al Regions H_ sured by _R

WAVELENGTH

(MICRONS) FUNCTION '

6,6 - 7.0 Water vnpor absorption

I0.0 - II_0 _urface and Cloud radiation

0.6 - 0.75 Cloud cover

7.5 - 30,0 Total earth e_isslon

0.2 - 4.0 Albedo (reflected solar radiation)

l-

m
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Table !II

Nimbus P_rlcrrmn<:e Achieve=ents

Design Objective Achievement

Weight 650 Four_ds 775 pounds

Stab. accuracy _ i degree _ 2 degrees

Power (maximum) 450 watts 400 watts

AVCS (resolution) ½ mile ½ mile

PCM _el_metry 128 (real time) 128 (£ea]. time)

544 (recorded) 544 (recorded)

HRIR (resoluticl0 2 miles 5 miles

MIlIR (resolution) 30 miles 30 mi]es

Conmlands 128 128

4
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Figare 15 - Earth as Seen by _canners inStabilizedNimb,18

1965005887-212



1965005887-213



1965005887-214



t

1965005887-215





i

!

1965005887-217



1965005887-218



I

1965005887-219



Figure 23 - Thermal-Vacuum Test ChamLcr
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PASSIVE COM_rNICATIONS SAT_,_.I_,L.

by

William J, O'Sullivan, Jr.

National Aeronautics and Space A<ministratlon

INT_RODUCTION

Of tile m_%n_ uses that have been proposed for space, few, if any_ give

_uch great promise of being of c_mmercia! i_portance aed general benefit ;o

m_nkind as communicatioL_ satellites. ' _H_story and reason attes_ that all ne_; s

scientiflc and engineering achievements of man thst are of con_nercia! value

must, by vJzt_e of their cov_nercial slgnificance, be subject te evaluation

from an economic v4._wpoin The present status o_ cor_nunications satellite_

in general i.=_that there is now being gathered and evaluated the scielltific

and engineering informatiun necessary for letermining the most eco_omically

feasible satellite communications systole. By "system" is meant r.ot only the

s;J,tellites, but also the ground transmitting and receiving stations that con-

,:_Lct the eezL'th and the satellites, as well as the links between the _rou,,d

_r_m_t_Jng and receiving rtat_c_;3 and the consumer or customer who originates

or rece_ es the communication. These are the thin_vs with wnlch this di_._ours_

must deal in order tc accomplish its objective of acquainting you with the

current problems, findings, and _ost recent acc_nplisb_ents. It will n_,_, bc

i_ all incius _. in that it will ue copfined to the so-called "passive" ¢ommun-

! icati.',ns satellite, as distinct from the "active" _atellite that is dlscu_sed

: In a zompanion paper of this conference.

i"
"1

,4
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Mutt of the earr.h-bas_d portion of e-_.ther "active." or "'_assive" co_Inicatlons

: s_te!l_te sy_te_,s _skes use of _Iready existing local ground diLtrJbution networks,

such as telephone_ and loc_I r_dio avd te[e_isio_ _tation_, _'-_h w|:ich you are al-

ready f_iiiar. Accordingly, this discussion deals primarily with th_£ _,_ich is

new s_d Le_s Zamiliar, namely, the_ _atellit_s th._aselves avd the transmitting and

rece._iug sto_tiun_ that link them with earth. These ne_ _omp_ne_ts cf the entire

system ocesent interesztr.g _nd cL.all-o_£ins._e_ problens that dew.and for their best
I

solution the drawing l_pon knowledge from _._n¥ diSferent scientifi_ and _ng_neering

disciplines c_t prior to the _pace AF,e have had little or no co_ov _round of

mutual coutac_ and stimulation. In the firm belief that the deliberate cul.tivatlon

e.f £nterdiscl_l,'nary _ctt'_it> rill lead to bettor solutions of the p_oble_s of com-

munications sa_.elii_es in particular, _nd the most rapid advancement of science, and

engineering it_ general, a deliSerate _ttampt is _ade in this discuss_on of the pas-

' sire conmunlcations satellite to develop the seve=al aspects of the topic fr_a first

principles in order tc build _ conma_ ground of understanding between a number of

diffec_t scientific and engi_eering disciplines. This, it is hoped, will provide

, an introduction to the subject to many who are not now actively participating iu

' i_, as well as assi_ting others who are working on hi_hl:" specialized aspects of

the problem and desire a better uud=rstanding of the orientation of their efforts

relative to _he over-ell prob_,mn.

' _ART I THE PHYSICAL _Ih_ff,A,:T]E_ISTICS OF P_SSIV_- CG_4UNICATIONS _ATELLI_'ES

On August 1_, 1960, the National Aeronautics and Space _d_inistration initiated

its pr,,gram of research _n conmunications satellites by _lacing into orbit the Echo

, I Passive Co_m,a_cations Research S_tellite. Currently, it is developing a largec

al,d rigidl_.ed version, now Ide_ci_ied as A-12, and wh_ place_ into orbit will be

named Echo II. These two satellites, designed by thc NASA ,&_gley Resear:h Center,
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ak-e sho%-n in figur_ i as they were undergoing structural static inflation tes£_

• _ a balloon hangar at Weeksv_lle, N. C. Both of them are spheres. Echo I is

I00 feec in diameter and weighs [30 po,,nds. Echo If is i35 _eet in diameter and

weighs 3!2 pounds.

In figure 2 :s shown hew such large spacecraft are transported Snto erbit.

They -.reco__ctly f_Ided 'n a sphcial manner, and snugly packed inside a c_ntainer

that is mounted on the nose 9f the launching rocket. The _.ho I container is spher-

ical &nd has an inside diameter of 26 inches. The Echo If container, sho_ in

figure 2, is ellipsoidal with a _ajor InteTnal diameter of 39.5 inches and minor

in_err,_l diameter of 29.5 inches. O£:_erwlse, t|;econtainers are essen_ially similar

aad their principles of operation are idelltical. When so packed within their co_-

is!nets, the satet'l.?s can withstand the heavy a_celera£toms _d wlb_at_ons imposed
l

on them by _:,_ launchiag rocket. A nose cone that is jettlsoned above the ear'_b's

a_mosphere is placed over the container to protect the container and satellite Zrom

a_rodynamic forces and heating during the ascent through _he eorth's atmosphere.

When the rocket has carried its payload into orbit, the cont.lner is t_%, re'_ca_-ed

from th_ nose of the rocket by a separation mechanism that Inctudes t_ome springs

that propel the container away from the rocket with a velocity of severel feet per

secend. Where the container has reached a distance of several hundre_ feet from

the _ocket, so Lhst there is no danger of the Inflat%ng satellite enveloping the

rocket, the cen_alner is opened. The container is cor structed of two halves that

accurately fit together, and have flanges at the Joint. An explosive pieced between

the flanges opens :he cohteine- and imparts to the two container halves, a separation

velocity of about 50 feet per second.

In figure 3 i_ shown an openi-_g test of the Echo If container in a 60°foot

diameter v_cuum chamber at the N_SA Laogley Research C_nter. The container and
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the _atellit _. are evacuated to a pressure of _'_e o-.der of a few _,lillimeters of

mercu.-.y so that upon opening of the contain(r in the hard vacuum of space, the

satellite is not explo_i'_el_ in_late4. The :,_inute amount of air remaining in

the satellite is sufficient t_ initiate unfolding of the _at_llite. inside the

t

satellite is placed in the form of a po_er, a_% inflating r_ate*iai that will sub-

lime, that is, change directly from the _olid state into the gaseous state. Tc

do so, the _nflatio_ material mubt acquire heat since sublimation is an end,,thermic

reaction. The ma_s of the inflation material itself, and the mass of the .¢atellite,

provide the initial supply of heat to the inflation materlai a_ h_at storcd in them

by virtue of their specific heats, lh_reafter, the heat is obtained from the sun-

light falliug u[_n the _atelli£e. The plocess is readily re_Jiated by limiting

the amount of sublimir s material; for after conversion of all of the subliming

material L,..toF_s, the pressure i_. it,era-after proportional to the absolute telr.-

perature of the satellite, _ich t_a_era_.re is fixed by the optical properties of

the satellite's exterie.r, n_mely, the ratio of its ab6orhtfvity to solar radiation

to its e_isslvity to thermal radiation. Among the subliming materials that have

bee_, used are benzoic acid, anthraqutnone, and acet&'_ide.

In figure 4 is shown, approximately to scale, cross sections cf the .aaterlal

of which the Echo I, Echo If, and tle Explorer IX are constructed. The Explorer

_ IX is a 12-foot diameter inflateble sphere that was placed into eToit by the N_SA

Langley Rosa.arch Center to measure the density of the earth's upper atmosphere,

and has proven _ successful that another is now sch(.-duied for laanchlag. All

three satellite_ employ a very strong plastic film called Mylar which gives them

the requisite lousiness to withstand folding into their containers followed by

, pneu_atic erection in orbit. Also, plastics, technically called polymers, are

composed of very long chain molecules con_ainlng hundreds of _}ousands of atoms,
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so that their vapor pressJres are _o very low as Lo b= fat Lu=jv,,_ .._IL=_,_;-_I_ me_=,,_-

mcnt. For this reason, their rate of evapor.ation in 'he ha_d vacuum of space is so

slow that they will last almost indefinitely.

The Echo I is constructed of Mylar fi,-m 0.5 rail in thickness, that is, one

half of a thousandth of an inch. The exterior surface of the satellite is coated

with vapoL depo&it_ aluminum tc a thickness of _bout 2C00 An_-trom units, which

is so thin that the entize amount of aluminum on the 100-foot diameter Echo I

=.ateiiite Js only about 4 pounds. This alu-minum coating serves several purposes.

It gives the satellite a reflecti_ity to radio waves of more than 99 percent. It

protec_.s the Mylar film from the deleterious effects of the unattenuated solar

ultraviolet radiation i9_ space. It provides the proper rstio of absorbtivit,, to

solar radiation to _missivity to thermal radiation for proper operation 9f t _

satel_ite's inflation system. And finally, it makes the satellite highly reflect-

ive of sunlight so that it may readily be t.*acked optically_ This satellite has

now been in crbit three years. The fact that it ha_ not evaporated a=tests tG the

¢

very low vapor pressure of the plastic film of wLich it is constructed. The fact

that it is still a fairly good refl_tor of radio signals, and that its optical

brightness has not undergone an}" large ehanKe is proof that its thin coating of

¢apor deposited aluminum has ,,or been eroded away by sputtering, cosmic dust, o¢

ot_ler phenomena at its orbit._ng altitude of about I000 miles.

The Echo I satellite was not designed to be a rigid structure. It w%s de-

signed to maintain its spherical shape by virtue of an internal gas pressure. As

the inflating gas slowly leaked out, due to porosity of the _atellite's skin and

pu;ictures produced by micrometeoroids, it became limp; and as a reflector of radio

waves it has undergone a moderate deterioration. Becuase it is under a weightless

conaition in orbit, and is at an altitude such that it experiences almost no ae'-o-

dynamic forces, the most scvece loading upon it is the very small force produced

i-
i
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,-

by solar radlaLton pressure. The very slight sti[[ueas o_ it_ O.5 mil thick plastic

film is almost, but not quite, enough to maintain it aphericg!.

Th,_. Echo II material, shown ltlcross section in figure 4, is com[,osed of 0.35

mil thick Mylar film to each side of whlch is bonded 0.18 vail thick aluminum foil,

, giving a total thickness of about 0.71 mil. Because Young's modulus of elasticity

is about 500,000 for M.¢iar, and aoout I0,000,000 for a_luminum, it is immediately

seen that the Echo II laminate is the structural equivalent of a homogeneous I-

beam whose flange width is _bout 20 times "-he thickness of its web section. It £s
l

therefore very stiff for its thickness and weight, in fact, it is much stiffer and

heavier than it need be, and this is only because at the time its design was frozen,

which was two years ago, thinner alhminura foil in the requisite width c£ about 50

inches could not be manufactured. Today, aluminum foil thinner than 0.I rail cr_a

be produced, in addition, plastic film eq_al£ng Mylar in tensile properties3 but

of only thre_-(ourths the density of Mylar, has been developed. The Echo II

material provides not only the flexibility needed _or compactly folding the satellite

into its container for _r_nsport into orbit, but ai_o, after the satellite has been

pneuw_Jtically erected to spherical shape, it provides more than. the necessary stiff-

. hess for the satellite to accurately retain its spherical shape after complete lo._s

of the inflating gas. Thus, it can ]ast in orbit almost indefinitely. Alu_.inum

foil, however, does not possess the proper ratio of absorbtlvity to solar .-&di&t ont

to emissivity to thcrt_al radiation to provide a radiative thermal balanc2 te___per-

ature of the satellite when in sunlight that is conveniently usable, e._pecially if

elect tonic equipment, _uch as a radio tracking beacon, is to be carried on the

satellite. Accordingly, a chemical treatment of the aluminum was d:;veloped to

provide the desired optical properties at almost negllglble change in weight.
|

This gives the F_ho If material a greenish cast.
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The comparatively heavy weight Eyplorer iX satellite material, also sb,_wn

in figure _, se=_es co illustrate the tremendous increase i, ._ciffness, even for

a 12-foet diameter sphere, that is required for it to withstand aerodynamics force
#

in the altitude rm_gc from I00 to 700 k_lometers.

Research in the field of polymer chem!,_try ha: recently resulted in the devel-

opment cf plastic film that approximately equals the strength of M>ia_, but whica

ezhibits almost :.,n@ete:ioratio_ in its mechanical properties under the influence

of iopizing radiation s:.._has found in space, This and other research suggests

that it might be possible to develop a plastic film which is flexible here on

earth, yet in zhe hart vacu,=a of space, ther_ will evaporate out of it a volatile

constituent ao th,_t it becomes very stiff. If this ,an he done, then it =my ba

possible to construct very much iight__r weight passive communications satellites

coat,._iouly with vapor deposited aluminum like Echo I.

Pb_ 71 THE &_qlC TRANSMISSION TREORY OF COMI_NICATION SATELLITES

Probably the greatest b_rrier to the comprehension of the scientific and

f 3i_eering aspects of co,m_nications satellites, irrespective of whether they

be active or ._assive, is understandin_ of the basic transmission theory that

governs them. _his theory is in reality quite simp]e and re_-dily understood by

ell with a scientific or 8mgineering background. TL-. difficulty lies in that it

is conm_only knuw_, only to specialists in the nabJeet, and is found usually in rath-

er advanced works that presuppose familiarity with a ]arge bod_ of related infor-

station. This situation tends to discourage scientists and engineers of other

disciplines from contributin[l their special skills and knowledge to the solution

of communications satellite problems. To remedy this situation and provide an

opportun_.ty for all to participate, there is first dJscussed the essentials of
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the baslc tran-mi_ion t_eory nf cor_i_ni_ations satellites, _+artin8 from first

• principles, ard emphasizing the physical significance of the several equations

rather than the%r mathematical derivatlon, yet retaining technical correctness°

At the top of figure 5 is uhown schematically the essentials of a radio

transmission lirk. It consists of a transmitter, a transmitting antenna, a

receiving antenna: and a r£_2i_ler. Let the transmitting and _=_eiving antennas

be separated by the distance D if PT is the radio frequency electric power

supplied by the transmitter to tb.e input terminals of the tran.,;mitting antenna;
t

and as_umlng no dissipation of t_e power as hear in the traa_itting 8ntenna,

in the propagation path between the tran_mittin_ and receiving en_.ennas, or In

the receiving dntenna, which assu_,ptions are quite good in a well designed link;

the;l _he power PR received at the: output terminals of the receiving anter.na is

given by eqeation (I) which _$ also shown in figure 5.

PF = 4n D2 (i)

In the equation GT is the gain of the transmitting _itenna and ._ is the effect-

iv_ area of the receiving antenna.

, The physical meaning of equation (I) may be readily understood as follows If

the radio frequency power PT were _nitted from the transmitting antenna uniformly

in all dlrectio,.s, then the power that would pass through a unit area at the dis-

tance D would be PT/4n D2, where 4_ D2 is the surface area of a sphere of radiu_

D whose center is at the transmitting antenna. If, instead, the transmitting

antenna focuses the power into a beam directed at the receiving mntenna, the power

per unit area at :he receiving antenna is increased by the factor _ which is

the gain of the transmitting antenne. Therefore, PT GT/4_ OP is the power per

unit area at the receivin_ antenna. This, multiplied b_ the effective area AR
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F

of the receiving antenna is the power PR avai.able at the outpu_ terminalS of the

receiving antenna,

The second fundamental equation, also shown in figure I, is

C 4_T (2)

which relate_ the gain G of an antenna to its effective area A, and to the wave-

length >, of the radio w_ve. Unfortunately, the derivation of this _quation is

quite lengthy which precludes giving it here (an excellent derivation is given in

reference I, page 772) but the usual manner of its derivation may be briefly stated,

and affords an in0ight into its physical meaning. First, there is derived the radi-

ation from an el_mental length of a conductor carrying a current, from whence Is

then obtained the ratio of the gain to the effective area of a dipole, and involves

the wavelength k of the radiation. This particular result for the dipole, or the

particular result for Bny other speci_:ic antenna, is t_n extended t_ the g_neral

ease of any antenna by invoking the rec__rocity law which states that the gain toi

effective area ratio is a constant for all antennas at a given frequency. Th_s,

t

equation (2) i_. quite general, and in view of the physical meaning of antenna gai_l

already given in connection with equation (1), equation (2) may be thought of as

defining the effective area A of radiation of an antenna having a givei_ gain

when emitting or receiving radiation of a given wavelength.

Substitution of equation (2) into quation (i) yields the po_er PR received

at the output terminals of the receiving antenna in terms of antenna effective area

A, or in term% of a_ntenna gain C_, as equation (3) shown in figure 5_ which is

PTATAR PTGrGRX2
(3)

X2 D2 (4_)2 D2

i
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and wherein the subscripts T and R refer respectively to the transmitter and /

° receiver ends of thr_wcon_manications,link. This =_u=,__.._-_ _ometimes called the

fuod_nental communications link equation, and is the bzilding block from which

the Beneral communication_ satellite equation is constructed.

: At the top of figure 6 is sho_._ sch_natically a satellite communication_ lin_

consisting of a ground transmitting station, a satellite, a_d a ground receivin_

station. For the sake of generality, the satellite shown is a:, active one wherein

the -_eceived signal Fower can under_) amplification before being retransmitted to

the ground receiving station. The ground transmitting rJtation co_.:sistsof a trans-

mitter (x mtr.) of power PT feed!I_g a transmitting _nteuna of gain %. The

distar_c_ from _he transmitting anterma to the recelving antenna of the satellite

i_ )I" The ga_.n of the satellite's receivinB antenna is 3S,R. The receiver and

tra_saitter (x mtr.) may increase the power of the signal pa_sing through the

satellite in the ratio %, which is the gain of the satellite. The ._._inof the

satellite 's transmitting _._tenna is GS,T, The distance f*.om the tJansmittlng

antenna of the sateliire to the receivi?.g antenna of the ground receiving station

is D2. The gait of _:he ground receiving station's antenna is GR, The power

' delivered to the ground recei_Fing _tation's receiver is PR"

By successive application of the fundamental communlcations link equation (L),

, which is repeated in figure 6 for convenience: the _eneral communications sate'!ite

equation (4), shown in figure 6, is i_mediately obtained. Applying equation (3) to

, obtain the powe_ at the output terminals of the sate_ii_e's receiving antenna gives

the quantity con_:a_¢_edwithin I:he large parentheses in equation (4). Multiplying

_:hls power by _)[._gain Gs of the satellite's receiver and trans_itter gives the

power delivered to the input te_'minals of the sateliite's tr usaitting anten_ _

as the quantity coDtained within the brackets in equation (4). Again applying
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equation (37 to obtain the power PR at the output terminals of the ground re-

ceiving station then yields equatio_ (4) in its complete form. as the genera]

co_%nunications satellite equation.

PT GT GS,R CS GS, T CR _4

(an)4 D I ,

that is applicable to all coumunications satelli_es irrespective of whether they

be actlve or passive.

Although the application of the genera[ commuD_eatlon_ satellite equation (4)

to active satellites is evident from it:- derive%ion, its appllc_tion to passive

satellites requires a clear recognition and undezsta_ding of their essentiaJ differ-
/.

ences from active satellites. To clearly identify and illustrat% these essential
¢

differences, the general equation (4) will now be reduced £o .no special form that

applies to a passive spherical commun_=atior, s satellite like E_ho.

This i3 illustrated in fi_*re 7, where fol co_wenience the general equation (_)

is repeated. In applying the general equation to passive satellites, three quanti-

ties must be examined: the gain GS, R of the passive sctellite as a receiving

antenna, the gain GS within the satellite, and the gain GS_T of the 8atel_ite

as a transmitting antenna.

As a receiving antenna: a paselv_ satellite in general possesses a gai_ GS, R

that is relaced to its elfective az_a A by equotion (2) already discussed and

again sho%_ in figure 7. For s sphere that i_ large relative to Lhe wavelength k

its effective area A is simply its frontal area, since this is the area that

9

intercepts the oncoming waves, So that A " _ d'/4, where d is the _iameter of

the sphere. The spheres gain as a receiving antenna relative to an isetropi¢ ladi-

ator is then by equation (2)

, f
i
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_2 d 2 -,

GS,_ = -_/-- (5-a)l

The very essence ,f the definltJon of a passive co_aunication_ satellite is

that: by virtue of £t having no power w_+_'_.,,_*LItself it cannot amollfy a signal.

Therefore, if it reflects the signal with neither _a,plification nor at_¢nu._.tion,

Lhe gain _irb.;n the satellite is unity, so that

c,s -- I (5-b)

It is to be noted that if the surface of a passive satellite like Echo does net

possess a reflectivity to radio waves of unity, th_n it will atLcnuate the signal

so that GS will be less than unity. The physical significance of Gb in a passive

satellite like Echo is that it is the ref!ectivity of the satellite's surface to

radio waves. Refiectivities in excess of 99 percent are readily attained with

metal surfaces only a few thousand angstrom units Jn t_dckness.

The gain GS, T of the passive spherical satellite as a transmittinM antenna

relative to an isotropic antenna i: unity, because a sphele whose diameter d is

IRrge compared to the wavelength A reflects the signal incident upon it equally

in all directiens, and thus behaves iike an isotropic radiato[. Consequently, for

'he sphere

Ca,T = l (5-c)

Substituting: equations (5-s), (5-b), and (5-c) into the general co_c,unications

satellite equatlon (4) gives the passive spherical co,,_un%c=ttens satalllLe equation

as
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PT GT d2 CR _2

PR -- o 2 _ ,'6)

sphere 256 _" D l D 2"

0

shown at the bottom of figure 7_

The derivation flrst of a general equation applicable to both passive and

active communications satellites of all tTpc"_, and then the derivati_n therefrom

-= the spherigal passive comm_gr,_o.ations satellite eqaation is unconventional andUJL

has been 4_ene to clearly bring out the essential, differences b_,,tween ua.q.Q_ve and

active sat_d!it.es, For the assistance of those accustomed! to radar practl¢e

_here is given in the appendix to this paper a direct derJvatieu of the passive

spherical communications Pate[like ...._- _--_cq ....... convent [onal lines.Q_LL_

ODe further step is required to bring the equetions to their final dsable
i

forint° The ability to ui:mistakably read a radio message sent is code against a

background of noise which is co1,_monl7 called static, or to clearly understand a

voice conlnunicaLlon agai_.st _ backi,,r<und of noise, or to obtain a .m_fficiently

" clear television picture against a baokground of interfering noise, is dependent

[,Don the signal-to-noise ratio, G/N, whit:b is tile ratio of _he power uf k}-e sihmal

"%at constitutes the intelligence t_ the power of the interferinB noise. It is

u_necessary to here give a derivation of the equation expressing noise as power,

since this -s available in many textbooks on radio communications. Howe_'er, the

generefl ooneepts involved are here brief'_}' giv:zn for the benefit of those no _

familiar with th_.m.

Noise power may be thought of as generated by virtue of m,:lecu!_*r agitation

resulting from temperature, and hence is a _.unctiun of _:bsolute tempe.reture_ and

increases in intensity the higher the temperatuze, Temperature may be thought as

generating _toise of all treqaencies, and thus p'*od.lcing o spectrum that is 8

e

&

i
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" contlhuum 3 analogou: to the contlnuum apectz_ e_Itted by a hot sol,d. Heoce 3 the

_ovat of nolze _wer contained wlChln an)_Iven zange of frequencies, called the

b_ndwidth, is proportional to the bandwidth B_ to the temz_rature T, and to a

=o_stant of proportionality k km_m as Boltzn_n_s constantj and equal to

1.38 x I0 -_
watt second/degrees _elvi_., Co_eque,tly: If PR represents the

signal power, the equation for the signal-co-noise ra_io S_| i_

t
: s PI,

= _-T-T (7)

_lch is shown _ figure 8.

Substltutlng the $/_ ratio equation (7) into the pzevlous equations (4) and

(6) gives equations (8) and (9) which are re_pectively the final gen_rcl commu-

:- nications satellite equatto_ applteabl_ also to active satellites, and the final

:. passive spherical c,A_unicatious saf._llite equation.

_4
s % % %

-- (_; kXB=.-- (_)
256 _4 DI_, D22

(General anQ active)

''. e pT GT d2 % 3.2
" (_-) kr _= (9)

_:.' {Passive spheze)/-

Equat_,>n_ (_) _d (9) are in reality simplified equations in _hat they con-

, tain only t'_e _ain variables to the exclusion of several factors of secondary

significance that the co_nunications _peclalist would include in accurate design

calculations. For example, attenUati(m of the signal in passir, g through the earth's

a_osphere has bee_ ignored on the grounds that practical in'_ere_ exists only in
!

_" frequencies within the so called "transmission wi_do_' of the s_nosphere, which

extends fr_u about 1,000 to I0,000 Mc/s, and in which the atmospheri,: attenuation

, %
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te of secondary sign_fi.-ance, in the general or active sat_llite equation (8),

it is ascumed that _o degr_latlon fn the st_nal_ such as bandwidth B or si_al-

to-noise ratio S,_, is suffered in passing through the active satellite; that is,

high quality electronics is assumed in the satellite so that any degradation is of

secondary sIEnificar.c_. No such degradation occurs in a passive satellite since

it i_ simply a reflector, l_nus, equatio_ (_ and (9) &re _.obe re_o_nlzed as

simplified equations which ignore several factor_ that can be considered secondary

in w_ll designed systems, and are thus satisfactory equat!oDs for the purpose at

hand.

PART !II CG_PARISO_ OP _HE C_STIC$ AND ECONOMICS OF PASSIVE AND

ACTIVE £XH_TICATIONS SATFLLITE SY_

l'he active and passive .".mmunlcatlons satelllCe equations (8) and (9) provide

the foundation upon which may be made a comparison of the characteristics and the

economics of passive and active co._mmications satellite systems.

The esse,ltlal physical differences between the two type of satellites can be __

brought out by imagining zn active and a passive sa_ellite co_eunications link of

identical length, identical ca_lcity_ and carrying identical kinds of signals of

equal qu_ Ity. Under these assumptions, many quantities in _q. t,_ons (8) and (9)

become the same and can be transEerzed _o one side _,f the ='4nrtions, and the

equations then eqt_ted, whereupor there is obtained equation (!0), shown In figure

9.

n2 - ") = (lO'jactive pas sire

Inspection cf equation (I0) shows that _.or soy given way, length of transmission,

if other things are equal, the po_er gain GS achievable ir_ tb _. active satellite is

|_
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• paired against the diameter d of '-he passi_ _ chcrical sate.!llte. _ince large

power gains are achievable in active satelllg-s which perm_.c_ the use of lew

power of the transmitter, and _ow gain of tz_msm'-,tting _nd receiving antennas;

, it follows that the competing p_slve spherice! satelli-.= s_stem is characterized

by high _ower of -e transmitLer., large tran_itLing and receiving _ntennas of

hish gain, and large-diameter satellites. Althou_h equation (I0) dSscloses the

relative physical characteristics of the active and passive sy=tems, it does not

disclose their relative costs and reliabil._t-y, which are the economic grcL_nds upon

which they must compete in any co_m_rclal application.

As soon as one begins to compare the _ctlve and passive communications satellite

systems on economic grounds, one immediately encounters quanti_.ies that are unlike

the physical quantities thu_ far discussed in that the_e new cost quantities ch_, ge

with time. For example, the cost of a satellite launching vehicle per pound Gf

satellite placed into o_blt is =urgently decreasing very rapidly from year to year

as larger payload-carrying vehicles are being developed, and as vehicle reliability

is being substantially increased. With vei_icles currently under development it will

._: soon be possible to launch into orbit much larger and heavier passive communications

satellit_, and also to carry s_eral of them into orbit by the same launching re-

, hicle, thus effecting substantial _eduction in launching costs. As another example,

the rapid development of large size steerable transmitting and receiving antennas,

transmitters _peratlng in the hundreds of kilowatts power range, and se,_sitive re-

-ceivers having very low noise _emperature_, are likewise passive =o_municaticns

satellitc system components whose costs are decreasing each year. Ic is _hara,-ter-

istic of these developments that they benefit the passive satellite communicatio'_s
#

: system rather than the active satellite system that does not employ them. Thus,

any economic comparison of active a_d passive communications satellite systems that

" does not project these _ost changes to that time in the future when a syste_ would
|

be placed into operation is misleading.

t
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. From another viewpolnt_ an economic compa_-json of nassive and active commer-

cial co_mu.£cations satellite systems must consider fr(_ _nen_e their earnings are

to come; for out _f these earnings must be paid the init_'l cost of the systcm_ the

cost of operation including mai¢,;onance and repair_ and finally the o;ofits era:ned

upon the capital invested. At present there is much dlsagr_:eme.nt upon the k_nd of

traffic a commfrclal satellite co_inunlcations =ystem should carry Jn order to be

most profitable. To a first crude approximatlon_ one television channel is the

equivalent of 600 voice channels 2 or 30_000 teletype channels. Can the revenue

earned by one televislo._ channel equal that of 600 voice cha_nels# cr 30_000 tele-

type channels? Ha.ny people think it ca:mot on the following grounds. Co_anercial

communications are needed to connect ,.enterr of population. Most: p_,ople live in

the temperature zones. Across the land masses in there areas_ sach as North

America and Et_ror_ there are already established microwave relay networks that

can carry television _ well as voice or teletype. Tnerefore_ satellites are need-

ed primarily to bridge oceansj such as between Europe and America_ since submarine

ca_les cannot provide the bandwidth r,eeded by television. The maximum television

audience is avai_._ble at about 8 p.mo When it is 8 p.m. Ln the eastern part of the
f

United States 2 it is I a.m. in western Euro:e; and when it is 8 p.m. in western

Europ_ it is 3 p.m. in eastern United States. Thus_ for sho_ing events as they

h_ppen_ trans-At]anttc television tends to be gc_)d only in one direction 2 and for

but a few hours. Airpl_nes are no_ crossing the Atlantic in about 7 hours_ and the

coming supersonic transport will halve this time. Thus_ current events c_n be re-

corded on film or magnetic tape_ and flown across the Atl_ntic for television show-

ing at the time of _irst maximum audience availability. For ¢his reason many think

that television cc_munfcatlons satellites ::e-ld not be as profitable as voice

communlcatlont satellites. Just as telephone communications is preferred to tele-

, type tn the conduction of busine_s_ since by telephone one can ask questions and

i

|

I
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" receive answers Im_e.diately, so also it is ar_ed that voice c_unications

satellites can show a profit better khan teletype satellites. Perhaps the best

satellite from the revenue earning viewpoint Is one that is prlmarily intended

, for voice cowmnicatious; is usable for teletype when the voice comm_n_..atlon _

load is iow, arid ban the capability ef tran_mltt%n M television in slower th-_n

real time for recording and shcwing _n real time a few minutes later or at the

tla_ of max ,_t_umaudience availability.

Having arrive4, at a _eneral idea of the kind of co_ezclal _atellite com_un-

ic_tions service most likely LO succeed from an economic view voint, the question

now is: can such service be provided by a passive communications satellite system,

and if so. w_at would the system be like? To answer this question, the commercially

most Impo ant link, n_ely, that between Nord, America and Europe is examined. The

c_aracteri&tics and performance will be _.alculated using the passiv_ spherical com-

b 2

_: municatlons satellite equation (9), which is repeated in figure i0 for convenience,

a_d solved for the parameter of interest iuvolvl,_ the band_xdch B, the satel.l.ite

dlr_aeter d, and the transmitter F_wez PT"

' _ the assumption in now made that the transmitting and receiving antennas are

identical for economy, so that their gains GT and G_ are equal. An£en_,a gain

_> G i_. by th_ _reviously discussed equation (2)_ a function of wavelength _.

and antenna effective area A. The effective area A can be expressed as a fraction

" c of the geometric frontal area a o_ an antenna; and assuming the use of thet

familiar pazabololdal dish antemla, the effective area A is _hen _iven by equation

(13) as
c nl, 2

A = c a -_ (13)
0 6
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where L is the diameter oi the parabololdal antenna. Substituting equation (13)

. into equation (9) then yields equat$cn (14) of figure !0 as

_2 2 _4C

= (14)
d2 I_

256 k D'2t D22 T ( _)S t2

Inspection of equatioc (14) shows that, other things equal, bandwidth B In-

cr_ses :he shorter the wavelength '.. Since communications capacity increases with

banduidth, the shortest possible wavelength is desired. _3ut this must be tempered

by the conslaeration that the wavelength must lle within that portion of the radio

spectrum in which noise coming to the receiver from space, called galactic noise,

and that coming frc_ the earth's atmosphere_ due primarily to oxygen and water vapor,

is a minimum. This low nol_e raJio wlnaow exl..ondsfrom roughly a frequency of _O0

to 1_:+_,,¢_-.;mesacycles.._.._ per secono., provided the restriction Js iz_posed that the re--

celvir_ a.n_.ennais never lowered to an elevation angle of ie_ than 5° above the

horizon. Below 5° elevation an_;le the ma_s of atmosphere through which the receiving

• antenna looks increases _o rap_.tV, y tha_ the atmospheric noise also increases very

rapidly, The transmlsslcn £requ-:ncy is therefore _elected as 6,000 megacycles per

second, corresponding to a wavele_gth of 5 centimeters cc 0.05 meter_ with the

additional con_tralnt of 5° minumum antenDa elevation angle,

The gains GT and GR of the parabololdal transmJttlng and _c_Iving a_tenn_-s

are most conveniently determined by considerlng theefficlency facto,." c relating

the antenna effective area A to its geometric frontal area a. Using the e:ost

mode_T_ construction techniques, values of c of 0.5 are considered achlevsD.ie, aro

0.6 only hopefully so. Steera01e paraboloidal antennas have been dev_loped ittdls-

crete diameters: the 60-foot-diameter size being comn_nplace, the 85-foo_-diameter

size rapidly be_omlng the commonpl_ce size, evd the larger sizes b_ing not so common.

s

1965005887-243



XIX-20 =

Antenna cost increases rapidly with diameter. Therefore, for m_ximum economy the

most common size is selected, ttameiy, one of 60-_oot-dia_eter, whose gain based

upon a value of c of 0.5, is foand t_be 58.2 decibels, or 660,000.

The selection of the _aveiength k a_d the minimum antenna elevation at,glc

has bearing on the noise te_pezature T. The temperature corresponding to t!.e g_l-

antic and atmospheril- roise at the selected wavel.ength and min-l-,d_elevation angle

is approxL'-ately 30° _L=.l'¢infor standard atmospheric co::ditions, b receiver haviL_g

thls low a noise 5e_perature would be very e_.pensive_ probably emt)loying a maser.

Under unfavorab].e atmospheric conditions =he atmospheric noise tem,perat,.irein-

cceases. The noise temperature of the entire system is essentially dictated _y

whether the atm,c,sphere or the receiver has the hi_hel noise tampcrature. The

approximate optimum condition is therefore for time atmospheric and receiveE noise

"_ temperature_ to be equal. Bu_: since the at_ _,here varies, and in order to keep

, the receiver cost low, the noise tempera_ux T is aelected as being IbO° Kelvin,

corresponding to a very good 3 but no_ ext_:emely ._.x_ens_v_ _eeeiver.

_ak_._ _., _%,_ theThe distance D from the transmitting antenna to the .... :
I

. distance D2 from the satellite to t:he receiving antemm, are next cunsidered.

The restriction that the minimum antenna elevation angle Le 5° above the horizon,

=estricts each antenna to "seeins" only within a conical volume of space whose apex
e

r [S at the antenna, whose total apex a_gle is 170°, and the axis of which cone coin-

cides with the local vertical. Transmission fro_l the tranm.'.itte__ to the receiver

t
k

by way of the satellite can only cccur when the satellite ks wlthin that volume of

i

space that is corr..._nuo both the transmitting and the receiving _,nte_,na's conical

seeing volu_es of space. Fo'r a s_teilite orbiting at a given altitude above the

3 earth_ the satellite i_._mutually visible _o the transmitting and receiving antennas

_: when it lies within the boundaries of a spherical surface that is "almond" shaped.

V
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• This cao readily be seen by drawing on a sphere two circles that overlap_ tho

resalting almond shaped co_a_on area of the circles being the area of mutual

visibility of the satelli'e to the transmitting and receiving antennas. The

distances D i and D 2 are each maximum when the satellite is at onv or the other

of the two corners Gf the almond-shaDed mutual visibility area, so that this

is the design condition, Dn D 1 mnd D 2. The maximuw value of D I and D 2 is a

function only of satellite altitude, and not of the distance between the trans-

mitting and receSving antennas, provided the tr_,smitting and receiving antennas

are not so far apart that there is no area of mutual visibiiity. The higher

the altitude of the satellite, the greater the area of mutual visibility and

the fewer satellites required so maintain continuous co_,manication@; bu[ _!sc

the larger and more costly the ground transmitting and receiving statio_is. _hn

optimum satellite altitude is about 1,000 nautical mileJ, for which the maKimum

• value of D[ and D 2 for 5° antenna elevation angle is 2,523 naatical miles. It

is to be observed that the area of m atua] visibility de_reases to zero when the

distance between the transmitting and re_iving 8ntennas is equal tu the sum of

D 1 and D2, or 5,0_6 nautical m_les_ The shortest distance from North America to

_arope is from St. Johns, Newfoundland to northeastern Ire!and, a distance of

i,65S nautical miles. From Glace Bay, Nova Scotia, to Ireland is 1,920 nautical

miles, and from the easternmost part of Mainp to Ireland is 2,_38 nautical miles.

Thus, for any of these distances between the transmitting and receiving antennas,

the area of mutual visibility of the sateilice will be quite large, as can be

seen from the fact that even for the longe_.t kink of Maine to Ireland, if the

satellite were going in the direction from Maine toward Ireland, cormrunication£

could begin before the satellite had reached the Maine station by 285 nautical

miles°
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There i,g_,,_ h_:t one remaining quantit> to be decided upon, r_amaly, th_

signal-to-nolse l,_tio S/N. This ma_" bethr,ught of as dictating the ability

to discern the signal against the background of _oise_ and hence the quality

of the reception. It is the .¢,/N ratio at the output terminals of the re-
%

ceiver that counts, ratber than that in equntions (9) or (14) which is at the

output terminals of the receiving anteni._. It has already beam assumed that a

very good qua!ity_ but not excessively expensive, re,:eider ig employed; and

consistent with this it is now as,_umed that the receiver doe_ not substantially

change the S/N ratio, so that it may be taken as applyiag at the antenna

_ermlnals. The $/i_ £atlo needed for satisfactory, reception hast, be by its

very r.ature, based upon a large amount of experimental data. Drawlng upon these
V

data, the S/N ratio selectc_ is 20 decibels, or I00. This value may be con-

sidered slightly hlgh by some, and may therefore be considered slightly con-

servative.
&

In figure II Is shown the performance of the sssumed North America to

Europe passive sphurical satellite coamunications llnk in terms ef bandwidth,

transmitter power, and satellite diameter. Bandwidth is the measure of com-

munications capacity of the link. Ordinary commecti_l television, _s presently

practiced in the _.[t-4 States, uses a bandwidth of 5 to 6 Me/_ec for one channel.

This accustomed st_mdard came into being a good mm_y years age. Because of the

crowded con_ILions, and the reealting competition for space, in the radio

t

apectrum, research Is in progress on how to =queeze television as well as oth£c

traT_smlsslons into a narrower bandwidth. 8ome researchers claim to have ac-

complished satisfactory telev_slon transmission in a bandwidth of about 3 Me/set.

, Thus, exactly how much oandwidth is required for a satisfact y television cha_nel
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Is a subject of considerable debate, which appar£ntly will only be answer_4

by rm,ch _re experimental research. At _,, sent, for the trans-Atlantie satei-

lite co._aunications l'.nk, which is not constrained by established practice or

investment in existln_ equlpmeht, a satisfactory television charmel can only

be defined .s requir,ng between 3 and 6 M_/sec ba_dwldth. If 6 Me/Fee band-

width is needed, fi_re II shows that this woulu require a spheri_ai passive

satellite of 150 feet diameter and a 450 Kw transnd.tter, or a 200 foot diameter

satellite and a 250 Kw transmitter. In regard to satellite size, the MASK had

already designed and tested in space in a sub-orbit.el flight, :,i35 foot diameter

satellite, so that one of 150 feet diameter may be considered as almost a

straight forward engineeri_g task, but one of 200 feet diameter would require

both research and deve)opment, but there exists no known fundl_mental barriers

to its accomplishment. In _egard to transmitter power, single beam klystron

tubes opezatlng at 6000 M_/sec are available up to 35 Kw, and could conven-

iently be operated in parallel up to about 8 tubes, giving a_ut 280 Kw. Tube

manufacturee claim t.bmt tube power can be doubled in a year, giving over >00 Kw "_

if needed, azd _ore than tripled in s_eral years. It is therefore concluded

that a 6 Mc/sec ba_~dth televzsion channel between _orth America and Europe

c_ be mad_ f..aslble with a passive spherical co_m_nleatlons satellite with a

year or two of ¢esea?ch sad d_welopm_nt on th; satellite, the transmitting

tubes, or both. If, how_verj only 3 Me/see b_mdwidth is required for the

televislon cha_nel, figure II shows that this can be =ccomplished now zinee,

at the pr&se.tly available 280 Kw tra'ssmitter power, a satclllte of 135 feet

diameter is required which has _iready beea_ developed. It ie concluded, there- /

fore, that a North America to Europe televisi_,n channel using spherical passive

communlcatlons _atel_ite and giving 3 Me/see baadwidrh _s possible today, sad

"_[T : .....

" '[ " ] " ' | .... i i LI,Ii_. j
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one of 5 Mc/sec bandwidth can be provided in several years ":ith rt:earch and

• de'_e]opment _f the satellite, the transmitter power, or beth. If half speed

television transmission for later showi_ at fail speed is the ,most profitable

com_lercial]y, this is feasible today.

The capacity oi the passive satellite co_i_unications link for voice an@

for teletype transmission can most easily be evaluated by _¢aling fLom iLs

television capacity using bandwidth. Ordinary multiple boice channel tran_-

2

mission requires, for good quality, a bandwidth of about 5000 cycles per second

per boice channel. Therefore, in the 3 Me/see bandwidth attainable today, there

can be carried about 600 voice channels, or in the achievable 6 Me/see bandwidth

about 1200 voice channels, Ordinary mulci-channel Leletype con_unications re-

quires _ bandwidth on only about i00 cycles per second, so that roughly _$ 000

teletype channels could be accommodated in the 3 Mc/se¢ bandwidth attainable

today, or roughly 60_000 in the 6 Me/see bandwidth that is achievab1=.

The capability of such a passive communications syst_ for growth to meet

future needs is a very important economic c_,nsideration. _he passive s_teliite

being simply a reflector tikc a mirror, can work at any frequency, and with any

kind of _odulatJ ,n. _herefore, additional ground transmitting and receiving

stations can be added to increase the capscity of the trans-Atlant_; :ink with-

out adding more satellites, The inherently long life and reliability of the

passive _atellite in orbit, as demonstrate' by the Echo I, and the fac _ that at]

of tbe active electrenic_ of the system that require _aintenance and repair are

located on the ground where they are readily accesstble, are very ir.portant

_conomic advantages of the passive satellite a_ compared to the active satellite.
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PART IV ADVANCLO PASSIVE COMMUNICATIONS SATELLIIE CONCEF£S

• Numerous ideas haws been propczed as tc how Lo improve the passive commup--

_cations satellite. (>nl_ two of the most premising will be dlscussed as indicetion

of future developments and improvements over the spherical version of the passive

satellite thus _ar considered.

A spher_c_J satellite whose dia.net_r is large compared to the wavelength,

will reflect incident parallel radio waves with equal intensity in all _.... " ....

as seen in the far field, That J.s_ at a distance from the satellite that is

large compared to the diameter of the satellite, the reflected radio waves appears

to emanate fr:_.na polnt at the center of the satell'_teo In all cases of practical

interest, the diameter to wavelength ratio is very large so that ,he phenomenon

, of r_flection of the radio wave from the surface of the sateilit_ o%eys the law

#

of optics that the angle of incidence equals the angle cf reflec'cion. Therefore,

i one may use optical ray tracking methods to detennine from what point on the

I
_ , sa_:ellite wa_ ref,,_._ted the re>- that came from the t_ansmitte. _ and arrived at

the receiver. %@non this is done, it is found that ohly the bottom part of the

spherical satellite reflects radio waves back to _he receiver. If _t is re-

quired that the transmitter and the receiver be Iocatable at any place on the

surface of the earth that can be seen at a given instant of time fre,_n the sate]-

•, lite, then it can be _hown that the only portion of the satel].ite's surface ihat

can reflect the radio wave back to earth is a segment of the _:_here located on

the bottom and %,ho_e angular diameter ls a fun.ztion enly of sa,:ellite altitude,

_'or ex.=mp!e, at 1000 nautical miles altitude, the angular diameter of the segmer, t

is about 7_ degrees, and represents about II percent of the sphere's surfaze°

The remainder of the sphere can De removed and its weight used fur other purposes.
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If this seEment satellite is to be pne',.matically erected, part of the weight
f.

" saved will hav_ to be s?ent to close the top siJe o6 the segment anl part for

a toroidal rim around the edge of the segment to make it structurall_ stab=e.

Finally, since guch a se_nent satellite would have to be kept facing towards

the earth, part of the save_ weight would have to be spent for a stabili_-ing

system s _rebably a &rsvlty gradient stabiiizstio_ s_sts_n. Hopefully, some saved
/

weight will be left over which could then be used to make the s_gment satellite

, bigger, thus getting the equivalent of a larger sphere for the s_-_ satellite

weight, and, _ence, a stronger tetuzn signal to the receiving statlon. (_e

coz_cept of such a gravity gradient stabilized se_nent passive communications

sate31ite is sho_ in figure 12, A study of such communications satellites is

now progressing.

Kl_st every study of passiv _. and active cou_unications satellites has

a_Ismr.edthat they will be randomly distributed around their orbits rat'her than

equally spaced. Even if the satellites ._reinitially spaced in their orbits

wit,_ the maximum precision attainable; the s,inute errors of sltltude, velocity,

and direction, together with minute perturbations of their orbits, from such

''- thin_s as anomal, e_ tn the earth's gravitational field, and lunar and solar

attractions, will in time cause them to become randomly spaced. Loss o_ spar-

:- ing to the point where interruptions of communications, called outages, will

_ occur because of lack of _ satellite within _he area of mutual x,_sibillty of

_. a transmitti_.g and receiving station of a llnk wi!l develop in a scrprisingly

_7 _,_ "i. tn_t _s but a smnll fraction of the system lifetime of 5 to i0 years

_ _s required for the system to be economically feasibl_, Because the

_ density of a pas_iv, sate] lite is exceedlngly low as compared to _t active

._
_._

:_-

7 •

I
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communications satellite, the passive satellite can experience comparatively

large orbital perturbations Caused by solar radiation pressure. The advocates

ef ac__ive communlc_t.mLs satellites have frequently pointed o_t this character- "

istic of the passive commurications sa_elllte, and at tb.e .;ame time _ho_'r, t_at

the active satellite is comparatively free of th_-s nerturbation because its

frontal area per unit cf _mss is so small that the very weak solar radiation

pressu_', cnn have very liL:tle _,ffect upon it. It appears tha_ t._,isreasoning

has caused the other perturbing _orces that act bo_h upon tke ps__sl_e and the

active satellite to be forgotten.

There nave been aumerous propos_l_ chat the passive satell_te be _e c,f

a wire mesh so as to reduce the force of solar radiation pressure upon it, These

proposals all show that if the size of the hole_ in the wire mesh are provezly

proportioned compared to t_" _-velen_tb of the tr_n_missionj very little los_ of

radio re_lectlvi+.y is experienced at _'aveleng_.hs _o_m to the design wavelength.

For sash a wire mesh satellite to be pneumatically erectabl,_, in space_ it must

: be made gas tight by being covered with a plastic f.'Im which has t_ effect_,

-! _irst, it increases the weight of the satel_ite so, that _,.y red_,ction in weight

resultiug from the holes in _he wire m_.sh i,- _argel. c:,nsumed. Second, the

plastic film is not p_rfectly transparent to all ,avel_gths of solar radiation

and will usually become le_s transparent under the Inf.!uence of the electro-

magnetic and corpuscular radiation encountered in sp_ce, so that some of the

reduction ef the force of solar radiation p._essure upcn the satellite is lost.

To prev_n_ this loss, it is proposed to employ a special plastic film, called

a p_otollzable film, that _mder the influence of the radiation encountered in

• space, usually the ultr_viclet radiation, _ill Jisintearate and _vaporate,

J
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leaving _,nly the wire mesh. Sti:l another proposal for erecting the wire mesh

• satellite in space is to spin it so as to generate a centrifuga± force, which

tends co flatten the satellite out into a dish, which t_en requires the in-

stallation of an erectable strut inside the satellite at the axis of rotation

to push the poics c,f the spinning sate!Jite out_ Still ano._her, and most ingenloL:s,

proposal is _o construct the mesh of plastic fibers coated w_th vapor deposited

metal to make them radio reflective. The special plastic fibers would possess

the so-cJ.lled "r,e_ory effects" so that mecbanicat u_nergy can be s#_ored in th_l

_nd released by the application of heat. The folded satellite, upon arrival

in orbit, would be heated by sunlight, releasing the mechanica I f:mergy in the

fibers that would cause theTn to return to their unfolded sheet, thu_ ere _.ing

the satellite. This proposal has the advanteges of eliminating bor.h the photo-

lizable firm as weil as the subliming material that generates the erecting gas,

and thus saves much weight. Rese_r'q_ is in progreRs upon it.

P_it all of Lhese mesh passive satellite proposals have one defect in common.

They seek only to diminish, rather than to completely negate) the perturbation

arising from _oiar radiation pressure. 4 receipt proposal appear_ to not only

" offer the avility to completely negate the solar radiation pressure perturbation

but also to cancel all th_ other aforementioned perturbations as well as ac-

, :omplishing a rumber of ocher very beneficial effects. It works as follo_s.

In figure 13 is shown _ spherical passive com_,_tcations satellite orbiting

, around the earth in an elliptic orbit. The figure is drawn in the pla_.e of the

_rbic, upon which imagiuary plane fall_ the shadow of the earth. Since the

eart_ is round, "_-cas_s a cylindrical _hsgow, assuming for simplicity tha_" the

sunlight is perallel. The oblique intersection of the cylir.drieal earth shedow
t

with the i=mglnary plane of the orbit casts on the orbi_ plane the elliptic

I
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9

shadow shown. Ks the satellite regedes from its point cf _losest approsch to

the sun to the poil_t where _t enters the earth's shadow, tbe _ork don_ upon the

satelli_e by the sclar force F is F dl, where d L is the distance of rece_sioc,.

As the s_tel]_te approaches the sun from its point of'bmergence from the earth's

shadow to iLs point of closest approach to the sun, the work that the satellite

does in moving against the solar force F i_ -Fd 2, where d 2 is the distance of

approach. For the case illustrated in figure 13, the net eneTgy change experi-

enced by the satellite in the course of one orbit abouE the earth is negative

because d2 is greater than dlo If the satellite is in circular ot'blt, dI and
#

d2 are equal, so ti,et the net energy change per orbit is zero.

It is desirable tc keep communications satellites in circular orbits so that

their altitude remains constant, for as has already been _een by equation (_,

2 2

the power of the signal at the receiver uaries._11versely, as the product D.t D2 '

which product in turn varies approximately as the fourth power of the altitude.

If the passive comounications satellite is in circular orbit, i_ow then can an

• energy change in it be acccmpllshea by use of solar radiation p_essure to o_,er--

come orbit perturbation?

From the thcory of radiation pressure, it is recalled that the pressure is ,

propcrtlonal to the amount of electromagnetic energy per unit of volume, that is,

the energy density, adjacent to the surface upon which the radiation exerts its

pressure. Therefore, the radiation pressure upon a perfect mirror that reflects

back the radiation, thereby doubling the energy density, is exactly twice the

_ pressure upon an ideal black surface that absorbs all of the Incident r_Jlatiot,o

ThJ_ r :ovides a method of changing the force of solar radiation pressure epon a
/

satellite so that an energy change of the satellite can be gotton in a circ_i.,r

orbit. Le_ one side of the satellite be made a mirror, and the other aide be

!

i R
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made a black absorbing surface. If the mirror si_e is turned toward the sun

, as the satellite recedes from the sun, and the black sloe turn_ toward the

svn as the satellite approaches the sun, then the .,.el energy _-ha_nge experi-

enced by the satellite in one orbit ab .ut the earth is a gain of energy. If

the r_._verse process is used, that is, the black side facir, g the sun as the

satellit_ recedes, and the mirror side facing the sun as the _atellite approaches

tile sun, then the net energy change in one orb_ :'s a loss of energy by the

satellite. Thus, sular radiation pressure can be made to add or ret_ve energy
i

from the satellite•

How can the addition or subtraction of energy fro_: the satellite be used

to overcome orbit perturbations? If energy is added to the satellite it must

respond by moving to a bigher altitude orbit. Therefore, its period of rotation

around the earth becomes longer, so that relative ro other setellites in the same
7

orbital plane that have remained _t the original altitude, the satellite will

: . (all back around the urbit:, thus changing its angular position around the orbit •

relative to the other satellites, Conversely_ if energy is r_roved from a satte-

o llte, it will change its angular posltion around the orbit relative to ether

" satelllte¢ by moving forward around the orbit. When the satellite ha_ reached

:: the desired angular positio_ around the orbit relative to the other satellites,

the energy added to it can be removed, or the ene_-gy subtracted fcom I_ can be

.: restored, thus putting the satellite back to its origi;_el altitude. This moving

forward or rearward of a sateIt_te so _s to maintain its position around an

orbit relative to other srtellites .___called station keeping.

_, How can a passive spherical communications satellite be rotat, s£ ,_-, as to t_rn

its mirror or bl_ck side toward the sun to accomplish station keeping: 7_:.ree

' _" mutually perpendicular electric coils can be placed around the satellite

and electrical energy to operate them derived from solar cells, When, upon

?
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command, a toll is energized, the ,:oil ,._ct _ai:_st the magnetic fleld

of the earth and turn the _s_.el]ite _" sue., ',,aythat the coil aligns itself

perpendicular to the d.rection of the earth'6 - _ietic field at the _tellite.

#

Since the po_itlon of a satell_.te around its _rb!t w111 be knox,s from tracking,

the direction of the earth's magnetic field :it the sa.eilite 'relative to the

eat'th is known and also relative to the sun_ Y_cm sol_r cells cn the satellite,

perhap_ the s_umeones used to power oh,, coil.s, the direction to the sun relative

to the sateilJ;,. _s known. Thus, the orientatiua of the satellite relative to

the eart.h's m_.gne_;Ic lield an_ to the sun are always kno_m, as well as the po-

sitio_ of the _.stellite &rotund its orbit. Consequently, i/:-'isknows ":,'_chcoil •

or ca,mbinat'_on of =oils tc _nergize by r_dio _-orm_aadfrom the earth to orient

the s_,,=e.ll#te!a azty desired direction.

#

It is to be observed that this method of station keeping of passive commun-

ications satellites by u3e of solar r_li_£on pressure and torques produced by

reaction against the earth's magnetic fief:I, has the unique featur __ of not ex-

pending anything carried aboard the s,atellttes_ and thus, excel-.tfor eventual

wearing out or failure of some component , can theoretically operate forever.

' It is thus fund_menza!ly different frc-_ all ocher proposed methods of station

keeping which e::p_td something carried aboard the satellite_ such as gas for

cp3rsti6n of control jets_ It is true tltat in the sense of this _ystem re-

'-alrlng the. pla:ing aboard the pass!,'e satellite a few electrical an_ electronic

c_mponents the satellite is no longer purely passlw._, but it must be realized

that the quantl_y of such components is several orders of maEnitude less than is

conta#ned in at, active aa'_ellite, and that most of the cor.ponents are of a

nature such as to be either uneffected oy the space environment or capable of .'

being so overdqslgned as to Insure very long o_er_ting llfe. A prel[minary
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study of the applicatlo_ zof this _tcntrol system to the A.12 Lcho II 135-foot

diameter spherical passive commun%cations s_tellllte indicates that all of the

coa_,neats aboard the satellite wcu!d weigh between 25 and 50 pounds.

As an indication of th£ economLc importance of this novel method of star,on

keeping of passive communizations satellites, the Following -:pproxlmate numbers
%

of satellites would be required for the previously discussed Maine to Ireland

communications link if the satellites are randomly spaced. For 50 percent pro-

bability of co_=n,un!cat!o_q_ 21 satellites would be needed. For 90 percent pro-
%

babill[y of service_ 71 satellites. For 99 percent service, 140 s_tellitea= For

99.9 percent service, 3000 satellites. Thus, to approach continuous servi:e,

the number of random satellites grows very large. But, if station keeping is

employed, 100 percent probaoility of sea;ice is achieved with only 30 satellites.

Although these numbers are only approximate due to the statistical method of com-

puting them, =heir relative values are correct, an_ serve to illustrate the large

reduction in the number of satellites req, lred by use of station keeping.

Ogher economic advantag¢) cf _Zatfon beeping exist. For ex2dnple, on a single

large launching vehitie, a numbeL sstellites could be transported into orbit

an4 released at &no place around the orbit, from which _oint they can be dlstrib-

uted around the orbit by the station ke_ing method, Preliminary calculations

indicate theft the station keeplng method can n[so be used to slowly change orbit

inclination. Tituq, it permits changing _he orbits to accommodate changing needs

of communlcaticns system, the making of space between the sate_lltes to accommodate

the insertion of additional satellites if needed, and even the removat @tom orbit

of damaged or worn out satellites by flying them back to earth.

Finally, it is to be noted that this method of ftat_on keeping _ passive

}

communicat_o_ satellites which turns radiation pressure upon such satellit_s
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from a detrimental into a very beneficial thing, is nat possible with the
i

active satellite because of its Pigh densityo and, thus, the passive co_man-

ieations satellite possesses some very important advantages over the active

satellite_
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APPENDIX

J

The passive spherle&! conmunications sata,iire equation can be lerived

directly usinB the more fsmi]iar metheds :ustomarily employed with radars.

Co_arison of this direct derivation nere given _tll that in the main tex_

o_ th_s pa_er afferds u better insight into _he physical significance of the

equation°

In figure IA is show_, schematically, a psssive spherical satellite eormman-

ications [ink. It contains a trl:-smi_cer _ r_i_o frequency, power output PT;

a transmitting antenna ,f gsin 6_; a I00 percent reflective passive spherical

co_mmunicst,o. _ _a_llite of diameter d, It,tared a distance DI from the trans-

mitting ._ennd; a receiving antenna of gain GR, located a distance D2 from the

satellite; and a receiver.

If the transmitting antenna were to radiate isotropically, that is, equa].ly

" 2

in all directions, the power density at a distance D1 weuld be PT/4-D 1 , where
2

4_D 1 _s the surface area of a sphere of radius DI centered at the transmitting

h

i

1 . "% t - , .'
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aptenna° If the transmitting ant_.nna focuses the radiated power into a bea_

directed at the satellite so as to increase the power density at _istance '01

by the factor GT, which is the gain Gf the transmitting antenna relative 'co .

an Isotropic radiator; then the trznsmitted power density at the satelllte is
%

given by ecmatiou (IA) of figure ]A, This power density multiplied by t.he

frontal area _d2/A of the spherlca] satellite is then the _ower Intercepted

by the satellite, which is given by equation (2A) of figure iA, and assumes that

the diameter of the satellite .is large compared to the waveler.gth _ of the

radio signal. Assuming that the reflectivity of the t_urface of the satellite

to radio waves is unity so that eli power is reflected; a_d _=nploying the

experimentally and theoretically derived result from both optics and radln

that a specularly reflecting sphere reflects an incident parahel beam equally

in all directions, that is, isotropically; the reflect_ power density at the

receiving antenna is then the po_z intercepted by the sate]llte divided by

the surface area 4_D 2 of B sphere of radius D2 centered at the satellite, as

given by equation (3A) of figure IA. This power density multiplied by the

, effective area _ of the receiving antenna is then the _,owe]. _ PR at the z_ceiving

avtenna terminals. By means of "_uatlon 2 of the rmln text of this paper, which

relates the effective area A ol :_ antenna to its gain G and tbe wavelength
#

the effective a_ea AR of the receiving antenna is expressed in terms of it8 g_i=

GR and the wavelength A _ giving the equation for PR as equation (4A) of figure

IA, .'his eq_atlon is identical to _quatlon (6) of the min text of this paper_

!

I
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ACTIVE CO--CATION SATELLITE SYSTEMS

by

_oren Mitchell

Bell Telephone Laboratories

I will give a brief description of our TelNtar experiment and tben ?oint out

some interesting engineering comparisons between medium orbit and high orbit systems.

I might first very quickly review the history of intercontinental communications.

The first transatlantic telegraph cable was put in service allnost I00 years ago, in

1866. '7he first telephone circuit was in 1927. I veil remember it because I was a

young man just starting off and I vorked on it. It was long-wave and the quality

was sometimes not very good, but it talked. Of course, this was followed in the

1930's by a short-wave (HI_) and this extended telephone _o_,unications practiv_ally

all over the world as of today.

In 1956, we lald the first transatlantic telephone cable. It was capable of

carrying 36 telephone conversations with much better quality than liF. We havre in-

creased this to 72 corsrerc_al telephone conversations by the time sharing device

"Tasi". There are now three cables systems across the Atldntic. The fourth one is

being lald right now, which will have the capacity of ]Z0 voice channels, and in

additlon_ as probably many of you know, a new system is being designed with the

capacity of 720 voice channe],sL,or une two way meditm, quality monochrome TV channel.

This raises the question of wL_ do we consider _atellite communication for commercial

purposes.

i
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There are three very good reasons. First the tremendously increasing demand

for telephone commur,ica_.ion to all parts of the world, second the need for diver.-i'£y

in types of communications and, third the requirement for high grade communication

to remote parts of the wozld can only be reached now by HF.

Figure I illustrates the growth of telephone traffic calls per year, overseas.

You will notice that it is practically a straight line on logarithmic paper and it's

=till rowing at _'boLttthis same rate of 20 percent per year. Thus it doubles about

ever_ four years. It would be po_sibie to provide for future growth to _ome points

of the world by laying more cab]es, particularly of the _igher capacity type, but

this would not take care of the demand for communication o remote parts of the world.

As was _entioned earlier, we make use of_microwave radio very extensively to carry a

package of eiti_er 600 telephone channels or ore 'IW channel. That's the standard unit

and this is very "_ine, but microwaves travel in straight lines and we _:herefore need

some kind of a relay up in the sky. This led to the Echo balloon experiments which

were mentioned just previously.

As compared to the Echo i experln;e_t, we need -_receiver which will respond to

iO00 times the bandwidth of a single v_ice channel and thus St picks up about 30 db

more z_oise. It is certainly possible to cope with this by larger balloons and higher

power tranb._itters. I do think however _h_,t so_e rather _;erio_tsquest'_ons would be

rai_ed as to interferrence:with other services if you _ot -p ;nto hundreds of KW of

power _n land transmitters.

At any rate. we have gone down the .-cad of _be active satellite, and Figure 2

shows a Te!st_r satellite like the ones t_at were recently !aunche_. It has electronic

equipment onboard, which amplifies the signals about 93 db or about ten million times,

i giving them a fresh start at a le_,el of about two _,atts.

k
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It's 34 inches in diameter, and we'ghs abou_ 170 pounds. It receives the

signals, amplifies them, and shifts them to a differeut frequeD¢?> and transnits

them back to the _round. It also has co:isiderable sensing and contr_) equipment

within it. The antenna that rec=ives t!_c 6 thousRnd megacycle signals is the band

of smaller openings around the equator and the antenna that transmits back down, at

4 thousan! megacynles, is the b_nd of larger openings.

These antennas give a fairly uniform pattern around the setel!ite except in the

directions corresponding to the poles. This satellite is spin stabilized as a good

many of you may know, and in this way it is made to point in a lavorable direction
#

a large part cf the time.

The eleccronic equipment is operated by power from solar cells. We can see them

in these panels around the outer skin. Each one of these squares has about i00 cells.

There are 3600 total. In this satellite the power is not great enough to operate

the equipment continuously, and for this reason, we use a storage battery which can

be turned on by command to operate the t 4nsmitting amplifier.

T_Istar also contains telemetering equipment which operates at around 130 mega-

cycles, using the helical antenna up there.

Incidentally, this is a picture of an earlier model, Figure 3 shows a cutaway

view of Telstar with the antenna there_ the way it actually is on the two TelstarR

Co,hands can be sent to the satellite and also in _ffect, it can be asked questions.

This has been a very important part of the experiments. It has helped to determine

the effects of outerspace environment on all of the components. O_e of the most

important factors is high-energy bombardment and raoiation counters.

l_ypical telemetry quantities are density and energy of electrons and protons

in the Van Allen Belt, temperature of the sazellite sl,in and of the interior of the

satellite, pressure inside the satellLte, aud radiation effect on the conductors

i
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dnd also the conditions of various electronic circuits. All of the components in

telstar, except one, are solid :tare devices, trausistors, dials a_d etc. The ode

vacuum tube is a traveling wave tube ampli£ier, shown in Figure 3, which provided

the relatively high _er of two war':s,

Tei_tar would have been impossible without the sol_r ceil, the transistor and

the traveling wave tube, all of which were developed a_ the Bell Labozatories.

The performance of the solar cells is of great concern. We know they don't

maintain their full effeciency when subjected to radiation and heat. These are

p on n cells, mounted on a ceramic base in a platinum frame, and protected from

bombardment by electrons and protons by coverings of artificial sapphire. _lese

maL_rials were chosen from the point of vi_& of endurance. All the materi_Is expand

and contract at about the same rate and up to now, there has been no evidence of

a_y difficult _ith the solar cells. The sapphire is transparent to the light waves,

but attenuates destructive radiation. We believe this type of solar cell should

maintain satisfactory performance for several years.

Telstar also has a torquing coil as was mentioned for some of the other sa_ellites

and it was used a couF!e of times or, Telstar I. We did not have to use it on Telstar

2 but it can be used to adjust the spln axis.

We also have mounted mirrors on three of the blank panels, which do not contain

cells. The mirrors are not shown, tbey are merely pieces of very flat alumim_. The

purposes _[ _hese mirrors is to reflect brief flasbas of sunligh_ as the satellite

rotates about is spin axis. The time at _%ich these flashes can be seen at a par-

ticular observation spot has helped us to determine the direction of the spin axis,

and their rate tells us the spln rate. This has been very valuable in interpretation

of the data fro_ the radiation counters and the heat measuring devices.
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Now a liLtle recent hi_tory. Telstar _ wa_ p_, "-no_ in July of _.62. It

failed _irst due to radiation damage in Nevember of 1962. It was revived in December

and kept in operation till February of 't3. It's still in orbit and it is rather

inte_est_ng_ that its spin rate and the attitude of its spin axis are s_ill being

determined and there have been no unexplained perturbatioh_ i_ either, We are

reasonoble certain that radiatio_ damage caused the failure in some of the trans-

istors associated with the commend receiver _n Telstar i. These were nearer to the

outer ski._ than most of the other trlns=stors and they were incapsulated with inert

gas. #

Zn Telstar 2, we changed this and put in transistors which were evacuated. It

wao put ie orbit on May 7, 1963_ and performed perfectly up until July 16th <f this

year. But then, as most of you know, it failed suddenly and mysterio,t&ly. On August

12, on orbit 622, it just as mysteriously re_ponded to the regular v_F con_n_,d and

came on again. As eeazly as we can tell it is wor_r,_ just the _a_ as St was working

when it left Johannesburg about 4 weeks aBo nnd then ",_ouldn't".espon4 when it went

over Woomera, Australia.*

We have no indic_tlon of what caused the failure but it is obviously some kind of

intermittent trouble.

It's of i_Lterest that we were ab]e to observe the mirror flashes throughout the

whole l,erlod that it was out a_d up to now, they have indicated no appreciabte per-

tu_bat ons. This aoes not rule out a collision with a "very small metaorit6 bu£_,;skes it

unlike _y as the cause of trouble.

* As of June 8, 1964 it is still working perfectly.
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Well, you have seen that we have quite (:omplex electronic equipment to help

give the signal strength for large numbers of telephone ch._z_eis or rv.

We also need a very sensitive receiving station such as we have at Andover,

Maine_ I always like this (Figure 4) because maybe _omeday, there ;'ill be a 7imiliar

sign reading "moon station".

The antenna, the sensitive receiver, end the high powered transmiLter are all
,f

enclosed in the radome shown in Figure 5. Now, we are looking at the radome from 5

miles away. There it is, it looks like a lost golf ball.

Now, you'll note that the rademe is in a sort of shallow dish formation in the

surrounding terrain. This site was carefully picked for t|.is reason. It is desir-

able to have some shielding in all directions from terrestrial microwave systems.

Remember that 6p to now at least, we are told, tL:at tt_ese _ystems will have to

share frequencies with regular terrestrial microwave systems. Buu it is desirable

to have the surrounding mountains low enough that a clear view can be obtained down

to abouu 5 degrees elevation. Andover, Mai: _ :_ oq_ of the best sites in the U. S.

from these considerations.

Now we can see that it is a p_etty big golf b211. Figure 6 x_¢._taken just

shortly after the final radome was infla_ed and it actually con_ist,_ ._f a very thin

da¢:ron bag -:;bout300 Feet in dzame,ter which is kept inflated a_" a_' ,,__mesby slight

air pressure.

The electrical performance o_ this radome material is v_ . _._ It's loss in

clear weather, at microwave freque,,._,'s, is only about .15 a_" ,_, resu!_s in added

system noise of about 9 degrees Kelvin.

F.=ure 7 shows a cutaway view of th_ horn antenna ar the other equipment in

the radome, The antenna i3 sort of like a giganic a_r tlu_,,pet. The aperature at

i
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the open end of the trumpet, is actually 60 x 60 feet. The whole horn is 170 feet

long and with it's equipment weighs about 350 tons.

_e antenna has a beam width cf only I/5th of a degree and t_ get the desired

performance it must be pointed with an accuracy of about !/50th of a degree.

It was the requ_:ement, which led to covering it with a radome. Otherwise, wind

would make it very difficult, if not impossible, to point with the necessary accuracy.

We very recently have found something quite interesting and tha_ is that the radome

itself brings in certain penal_ies during rain. Although the dry radome materials

have very low loss, this is not the case when rain produces a thin layer of water on

the outside of the radome. Even moderate rainfall will produce a _airly uniform layer

of water about i0 mils thick and we have made me_surements rather recently in the lab-

oratories which show that even a layer as thin as this produces _onsiderable reflection

at 4 kmc. (&tnousand megaeyc!e_).

Ve have measured loss of about 3% db with a water layer of !0 mils. This, not

only puts in an attenuation but raise_, the system noise quite :ubstantlally and we

have measured added system noise of about as much as 150 degrees Kelvin, during

moderate rainfall at Andover, M_ine. This may mean that uncovered antennas will be

more attractive than w_. _riginally thought particularly for the smaller stations.

It appears that there will be an engineeling compromise between the _arger antenna

which can be successfully pointed, even duri.g wind, with a rado:.e and the sm,,iler

antenna with less gain but which does not suffer the excess degredation during rain,

We're still studying this subject.
#

Figure 8 shows the small end of the horn. We are inside the rsdome, where the

radio transmitt _ and receiver are located. I think you ,:an also see uhe outer

circular track. The inner one there is not so easily seen. The whole antenna with
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the cabs for equipment and operating personnet revo!_ upon chls track and th_

:" inner one. The outer track Is about 150 feet in diameter, the i_-n_er one about _0

>I

2" feet and they -_ere nmd__ level to .030 in=h, which I think ua_ quilt _ les_ of

_-_ mechanical engineering, t'his was done by r,_e of the 500 _ub-contractors ,m this

;,: iobo The motion ailo_s the hoku to b_ _otate _- in azI_-_th and then the N_n can
7

_. ai-_ be r_Uatea o_ t_ own long axis so that It ea_ be c'_anged in elevati_e, t/a:

_ ca'. thus point at any spot ta the sky..

_- F£guze 9 ts Jtmt a _lfghtly different vtev fr_ about tl,e same spot and sho_s
#
,-_:- the small cab _p above which has the equir_en t which nee6s to be right at the end

2;-. of the horn.

_.- Figure 10 shc_s the Interior of the upper cab at th__ waall end of r_e horn. This

4evlce here, althr.ug b all you can see Is a cabinet, Is a very inr*.restin& one. It
g
_ contains the l_ser a_q_]ifie_, It'_ main operatln 8 component Is a piece of artifleial

/" ruby which is i_ursed tn a back" of liquid helium. Thus it operates at a temperature

_ almost absolute zero, actu_lly _k_ut 4 degrees,, Kelvir, Thls allots s/_als to be

_._ effectlvely picked up and s_apliflec_ whlch are about 30 gb s_ 1 thousand tlm__s w-.aker

i than the -oeakest usable signal for ordlnarly ami_lifiers.

Y,any of you k_ov l_at ].ow noise amplifiers llke the Maser have turned out to be

very valu_bie in r_dlo astronomy.

: A little digression alor, g th._ line may be o_ interest. The only t_o _pectrtm

• lines from outer space which are readily obst, rved on earth, in uhe m._cro_ave window,

_ are hydrogen at I,_2 ki!o-megacycles and the 0t_ radical at 1.667 kmc. flydrog_n

_.o produces a pretty atrong signal and it has geen _een aud _easured fo_ quite soe_e

time. Up to now, the OH radical has _ot been detested but .some astro_omers_ I "m-

i_ derstand, believe it exists £n our galaxy. _._¢ e_ergy level is so low the_ it Is

,|
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not s_gniflcat,t to co_municatlons because ok the le'_el of getlersl _ckground noise.

Or_ of our people though is looklng Ine.o this as a sort of research project in _stron-

omy using _n improved, very se_sitatlve radiometer r_ceiver. Ue ._re ._oe reasonably

certain that the energy in this region _ue to OH _s less than .I degrees Kelvin if

in :act it exists st all. It may .-.0texist. At least we k_o_, __t's less than .I

degree K.

-_e ground transmitter is #I_o ioc_ted in the upper cab. It's off back there

eltere we canlt see it, It uses a 2 ._ traveling wave tube. The upper cab contains

primarily the radio equipment which needs to be located near the end of the horn.

Figure'11 shows the equipment in the lower end cab which controls the pointing

o£ the horn, _._ methods _re used to point. One invc, lves using predictior_ in-

for_etiOu, and the other aurJ_matic tracking. Prediczion Jnform_tto_ is sent over

ordinarily telep.hone facilitie_ to the control equJ.pment _nd can the. be used _o

poiut :he horn. Once the horn hos successf:_lly picked up a satellite, however, a

special radio receiver -.alled a vernier autotrack starts obs_rs,£ng the signals. -_

_nis receiv_ overates in a mamler simila,: to monopuls_ radar. _,t pfcics up

the signals in two different modes as they cote in through the circu'.ar _ave guLde

and compares these modes in anRc_£tude and phase.

Th._s t_.lls whether the satellite is exaccly in the center of the pattern and

signals can be produced, which _n effect tells _hst direction it is out. This i __

used to cause _he hor_ to follow a satf-llite very precisely during the rest of the

pus s.

Any n_ satclli__e has to be found and tracked to deterred_he lt_ orbit very pre-
L_

ciee_y. Figure 12 shows arrangements _ a different location about _ milss away _

to do this. They include a precision tracker at _he le_t _htch is very much like a
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l_!k/-Zeus radac a_.d a coarse tracker at the right which operates down _t the lower

• frequent:" arouna 130 kc. It's al.so used to send th_ co_s_nds and to receive tel-

emete-fn_ information. The building in the center contains equipment to control the.

trackers and direst the information received.

• Figure 13 is an overall view of the control room inside the concrc_ building. :

The equipment on the first row is used for ob_erviv_ the operation ef the born ant_:nna

and also for sending and receiving celeme'ering co_._ands. The saa_ equipment, could

be use_ for quite a ,.arge n_-_ber of satellites if they were in orbit.
I

You will :otice that there are several television monitors in the s_.cond row

and they are capable of monitoring either a st4ndard picture or a picture of a

dltferent standard such as is used _n Europe. However, we in the Bell System are not

supply/ng the conversion devices. This would be the responsibility of the bro_dc-_t-

Ir_ companle8 if they are needed. Up tc nov the Europeans have been very kind and

have been converting at their end.

' A computer at the far end of the room digests the tracking information and gets

it ready for actual use by _he big horn.

Figure 14 shows how Telstar is put int =he no_econe ¢fa Thor-Delta rocket

. slmiliar to the one actuallyused for launching. As you know, we have had ,_wo of

them launched and in each case, we had ve_] fine coopera_.ion from NASA and the other

organizations but we paid 3 mill!on dollars fc_" each launch.

Figure 15 snows the Telstar 1 orbit. It is inclined about 45 degrees to t:_e

equator and is elliptical. At its lowest point it's about 593 miles and it's high-

eat point 3500 _ileo above the earth.

Telstar 2 has a very similiar orbit but i_ ranges from 575 to about 6600 miles.

Telstar 1 has a period of 2.6 houre and Telstar 2 has a period of 3.7 hours.
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As mentioned in one of the earlier talks, such an orbiL would not be desirable

for cot_ercial syst_f_. It actually was desirable though for these experiments

because this made the two satellites _ove in and out of some of the most intense

p_._tions of the _?an Allcn Belt and we were in this way able to get a lot of valuable

data on radiation.

It's quite apparent that a usable commercial system would require a good _a_y

low level sateliitc_ and they ought to have higher orbits which should be circular,

ideally.

As of right now, we believe that the hest engir.eering compromise for a system

c_at migh_ be cctivated in the next few years is -_height of around 6000 miles and •

it appears that about 25 satellites in such an orbit would give reasonably good

service _or Europe and the Orient.

Fxgure 16 illustrates a multiple satellite system using polar orbits. This type

of system brinss in another problem which has also been mentioned. It is necessary

to switch from one satellite to the other, as the first one goes out of view and the

next one becot_es available, it.cider.tally, a commerclal system we believe, should

have s,_ne polar orbits and some inclined, about half and half.

_igure 17 illustrates this important cperational problem. We ",+ouldhave to have

seveza! radomes and several antennas for a medium orbit system, Probably three _s a

minimum, to allow for malntance and occasional trouble. It would be necessary to b_

ahle to switch from one to the other very quickly so as not to disrupt service.

"i_tereis also another very important operational problem. Any one satellite

will often be visible _o many ground st_tlons so it is necessary to somehow

adequately asslgnOheir use to the different stations. Thls problem is both tech-

nical and administrative. It appears that one or more assignment centers would s
r

i
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• 5e needed in the world to obtain and digest orbit inforr_tion on a large number of

s_tellites. A large computer would then work out the mo_t efficient assignment tak-

ing into account traffic and all other problems. Gf course, there also is a very

big -_-:-_+_ - _:d business problem in working out all the arrangements with

the different natio_is and so on. This is one of the jobs the Satellite Corporation

will be tackling.

[

Another unusual feature of s satellite is that after it's launched, it really
&

: becomes a part of neture, and to all practical purposes, is beyond the direct con-

. trol of human being_. It can be used or misused by anyone on earth who has a

technical capability of building groand equipment. Submarine cables are subject

to physical damage but a satellite is subject to other tyoes of di£ficulty. These

: questions, are broadly similiar to questions thac we have h_d with _s for _ny years,

involving interferrance an_ all_cation of frequencies and zo on. They are being
?

' _ considered very seriously by the FCC and international bo_ies such a& CCIR and CCITT.

Figure 18 is a _implified illustration of the 24-hour satellite system, i_

] shows three satellites _t just the right altitude of 22000 mile_ so that their period

0 of rotation is the same as the rotation of the earth. If they are launched in an

&
_ easterly direction and in _n equitorial orbit_ they se_m te be :ixed above a given

• _ spot on the equator.

Now, this system has some Important advantages. I_ would zllow us to ge_ by

with simvlier ground antennas, since the tracking _roblem would be so much simplier.

_ Fewer satellites would be needed because they wouid be visible _v_r greater areas.

Theoretically, three would be enough _o cover the whole ear;h but I wo_td

[ imagine that for practical systems you woul_Imost certain need about six as insur-

aece against failure. Sc it is apparect tha_: this system has many attractive fe_,tures.

i
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We are actively studying it in comparisons to other systems. There are two dis-

advantages though that are rather important. One is the round trlp delay _hleh over

one link og such a circuit is about 6/10th of a second. Thls is three times that of

a lower orbit system and nearly five times that of a present day Hawail - London y
-%

co.n.T:e_:tion, which is the longest that we ever get as of now.

, The other problem is the technical problem of putting a satellite into such a ::

h_;h and precise orbit. Syncom ha0 been put into orbit qrite successfully and I

think it is a very fine accomplish_nt and this makes It look a= i:houg_ thl_. problem

will be solved someday.

G

• The delay has no effect on television relays but it do_s have important effects

on telephone conversations.

Probably many of you know that thi3 subject has been under intense study by a : ,

good many ._rganizations in the last few years. :

I would llke to read a few excerpts from a draft recommendation which was put

out July 3 of this year by the CCITT. "In June, 1962, Study Group 12 proposed to !

recommend as a maximum, allowable limit, a r_.,.md trip propagation time b_tween sub-

scr_be_ of 700 milisecond_ In the abs_,-nceof Echo or Echo supressors. Data submitted

on the effects of propagation time alone s_.ows soma user dissatisfaction with delays

of 600 miliseconds btlt study group ]2 proposes to retain the 700 mili_econds limit

for the Echo condition."

'_Further experiments with Echo and seveta! commercial and experimental Echo

surpressors show a strO,_g Luser reaction as delay is increased toward 700 mlli_econds.

R_jection rates by test subscribers _ .._function of delay are of ser1_,u_ concern

in =o_merc_al tPlephany, and prooiide a strong incentive to minimize the delay in

international connections." '_

,t °

!i "
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"f_n the basis of t'_ese recomman_atlons of study group 12 proposes to recommend

the _ollowing limitations on rour d trip delay when _cho exists and present day types

of Echo surpressors are used."

"Recommended delay limit 300 miliseconds. This limit should be met by

substantially all telephone circul._ on _e major communications routes.;'

'_MaximL._". delay limit 650 miliseconds. _ere will be so_ae communications routes

in the range of 4000 to 15000 miles where there _re strong tech_'.icaland economical

reasons for exceeding the shorter limit."

I

'_nis _aximum of 650 should be approached only in those :ases where the only

practical alternative to a longer delay is a circuit which cannot meet the CCITT

standards of trar_smission. For example, H_ radio."

We agree wi_h these recommendations and _n fact )ome of the data us=d in arriving

at them came from tests made In our labcratorles. We expect to publlsb the results

of these tests before the e_d of _.h__syear.

It might be of interest at this point to consider "the use of the medium orhlt

and 24-_.our orblt system for data transmission, We have sent data of eve_, speed

.+o 875 ki!obits per second over Telstar. The tests in-, from 75 bits per second up_

dJcated that a satellite in effect provides a very hlgh grade broad band communlcation

link. Thus it appears that this broad band facility can probably be best utilized

in ways basically similiar t¢ those used for present day ground facilities. The

Telpak approach looks very promising,

The 24-hour system has of course, much less doppler shift but it will have a

s_all residual doppler shift, We don't believe that the doppler shift is an im-

portant problem in either one, so t_at's about a tossup.

!

i
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Figure 19 indicates how the time parameters of the medlum orblt and 24-hour

satellite orbit would translate into time dimensions foz different data speeds. It's

of interest that when transmitting high speed data a considerable number of data

blocks are stored, in effect, in the satellite link. The slide shows that some

blocks might either be lost or transmitted twice at typical switch from one mediun,

crb_e satellite to another.

Figure 20 illustrated how relatJvely large delay times might effect data trans-

mission, i think the interesting point is what would happen if you have an error.

l'm assuming that this data system llke a great many of the commercial ones requires ,

a check-back for every Llock that is sent and a block would be about 8000 bits. Thus

in this il]ustratlon if there wa_ an error in a block, the station at A would not know

it until about i0 blocks later. In this ki_td of system, this should no_ be too

difficult to handle, because we could _u_.ber the blocks, by sending just a few extra

bit_ along with each block. The blocks would be identified an _o would the responses

so if the bloop number five, for instance, was in error, as received at station B,

response 1_,h_berfive would indicate this_ for station A and it could go back and start

sobbing over agai_ at block number five.

I thi_,_ the interesting thing here is that it se_ms to turn o_t that this is

almost a ccsc-_p too, between :he 24-hour and the medium orbit. It will be necessary

to have this response and retra[nsmission aryway in a good n.any data systems because

errors may occur _cr a variety of c_use: including the computer_ _:hemselves sometimes,

which require retransmission. This as_Lmms it is the kind of computing problem where

you can't just throw away poor data. So_ thls kir_ of arrangement would take care

of interrupt_cns for any cause, whether it was due t_ a sw_gch from one satellite to

anokher or son,eth_ng went wrong in a land llne or human mistake or anythinM else,
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It is true that the 24-hour satellite system would be a iittle bit slower on 4

its feet than the me.dlum orbit for data. This might be of importance in some corn- £}
4

purer problems. I am not enough of a comp,',terman to know just how important this
?

is. I _ve a feeling that in most problem_ it woul0 _e relatively minor. :il

Sc, summing up the comparison, it appears that both the medium orbit and the _,
,2

24-hour orbit system have advantages and Jisadvantages, It may well turn out that

i: the ultimat6 answer would be _.ohave both systems. _ :

,: One other interesting point in connection though, with a radom orbit mul._iple

i_ satellite system, is that there will be more than one satellite in view during quite i_

a sizeable percentage of the ti_.-. For instance, we have found that if we consider i

: a random orbit system to provide 99 percent reliability between here at_d Europe, there q

will be a second satellite visible about 90 percent of the time. it would seem that

rl

_ the requlre_nts for TV might be very adequately handled by links wh'ich are available

about 90 percent of the tlme.

I think it is also apparent that portions of frequency space in a satellite might p_

be u_ed for either l_Ise transmisslov or analog voice transmission.
• _

There sects to be no reason why different parts o£ the band could not be used

for each through _he same satellite. This is aimed at the well known problem of

i m_Itiple access which is quite important, particularly if satellite ,',yste1_sare used,

} for communications with some of the lesser developed parts of _he world. So, an

:i_ sppreach broadly similar to Telpak could provide a flexiable _rrangement to exploit

t either the voice or data capabil_ttes of a given baudwidth through any satellite.

Our Telstar _xperiments have given prelimlnary answers to many crucial technical

, _ questions but Telstar_ it seems _:ome, might be thought of as step one in this business.

?erhaps it sho.ld share too with Relay. They &re similaz in many ways.

%

; [
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To me, though, tLe most outstanding feat_re of 611 tl,e sate]lice work h; _ been

the cooperation between many, many industrial concerns, gov¢.rrm_entagencies, and all

sorts of organizations in other natiom.'_all over the ._'nrld.

Z
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F_'F_:CY 0£ TIME P_RAI'_TERS

IN DIFFERENT SATELLITE SYSTEMS

ON DATA _ "" _ '"_RAN_MIS_IO_4

DATA SYSTEM {__5MS___DELA__/Yl (270 MS DELAY)

2o0 BITS/sEe=
BITS IN SPACE (ONE WAY) 19 54 ,

2.4_LOBITS/S_:C.
BITS IN SPACE (ONE WAY) 228 6"50

MAX. BITS PER SWITCH* 4_ -

_o._KILO_IT_LS_SEC,___.
BITS IN SPACE (ONE WAY) 3,880 "l,OOO

BIDCKS IN SPACE (8 KILOBITS O_iJ 1,33

_' -196 MS)

MAX. BIX)C_S PER SWITCH* _i -

_T5 _aLO____IIS/SEC.
BITS. IN SPACE (ONE WAY) _3, OC<) _'-'__jo,0,..,,;_""

BLOCKS IN SP$CE (b F_ILOBITS lO h 29,':
- 9.1_)

MAX. BI/)CKS PER SWITCH _ 2,2

* MAXI_gJM NUMBER OF DiTS OR
BLOCKS ILST OR S_NT TWICE
DUE TO 20 MS DELAY JUMP.

Figure ]o
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SATELLITE SYSTEM USED FOR
DATA COMMUNICATION

• SAT.

.p.:

4--!A _"-/ D= t+t "--!o I*----'1 ) ) 2 L____h-"
, GROUND GROUND

STATION STATION
SYSTEM

BLOCKS

TRANS ["_-1__0]_2-']- - -
A REC I----D---+---D----!UIIIIlJU....

,_ RESPONSES ! 2 3 4 5
! 2 3,4 56 78 9_o)_

- : TRANS [1 ! _] _ _] [! [1 _] _[] _I-
S RE-_-C- ii 12..t31415161"zlB19EOlillizj___

'_ TIME DIAGRAM

TYPICAL BLOCK=I000 CHARACTERS OF
':. 8 B!TS = 8000 BITS

4

r _ _-_',.l_"_".'_

i

,,o
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